


MONTHLY WEATHER REVIEW 
8 0-B P. BROOXS, Editor. 

VOL. 47 No. 11. 
W. B. do. 699. NOVEMBER, 1919. 

~~ ~~ 

CLOSED JAN. 6,1920 
IBSUED Feb. 7. 1920 

VARIATIONS IN THE TOTAL AND LUMINOUS SOLAR RADIATION WITH QEOCiRAPHICAL POSITION IN THE 
UNITED STATES. 

By HERBERT H. KIYBALL, Professor of Meteorology. 

[Dated: WeatherBureau, WSshhgtan, D. C., Jan. 2, l0.20.l 

SmopsIs.-The measurements of solar radiation intensity a t  normal 
incidence made at Washington. D. C., Madison, Wis., Lincoln, Nebr., 
and Santa Fe, N. Mex.. have been utilized in determinations of the 
intensities for the Atlantic Coast States, the Plains States, and the 
Rochy Mountain plateau, at latitudes 30’. 36’, 43O, and 4s’ N...at 
hourly intervals. on the 21st day of each month. Corres onding 
determinations of the intensity of the radiation received on Q Eorizon- 
tal surface, and of the total radiation per day, have been made from 
the vertical component of the normal intenaities. and memurements 
by the Callendar recording pyrheliometer of the diffuse radiation 
received on a horizontal surface from the sky. The variations in the 
daily totals with altitude and with cloudinw have also been deter- 
mined. 

From the relation between the total solar or heat radiation and the 
visible or luminous radiation, determined by means of synchronous 
rheliometric and photometric measurements made at Mount 

eather, Va., in 1913-14, the solar radiation intensities at nornial 
incidence above descrihed have been converted into illumination in- 
tensities at normal incidence, and on vertical siirfaces facing s., SW.. 
W.. NW.. N., NE., E., and SE. Also, the total illumination on a hor- 
izontal surface from the sun and sky has been detellmined for clear 
sky and completely overcast sky conditions. 

Most of the remits are shown in both table8 and charts, the latter 
consisting of iaopleths of heat or of luminous solar radiation, with hour 
angles of the sun aa ordinatee and days of the successive months aa 
a b s c h ,  except that the daily totals of radiation on a horizontal 
surface on the 21st of each month are shown by means of radiation 
isograms on outline maps of the United States. 
The effect of surface dope on solar radiation intensities is briefly 

coneidered. 
INTRODUCTION. 

It is the purpose of this investi ation to deteimine as 
acourately as possible wi th  the d t a  available, (1) the 
variation in dwect solar radiation intensities with lnti- 
tude, (2) the increase in intensity as we go westward 
from the Atlantic ooast districts to the drier and more 
elevated central plains, (3) the total radiation received 
on a horizontal surface (direct solar, plus diffuse radia- 
tion from the skg), and (4) to reduce the total, or heat 
radiation as thus determined along certain parallels 
of latitude to luminous, or daylight intensity. There 
have been utilized in this investigation the raaiation 
measurements made a t  Washington, D. C., since 1905; 
at Madison, Wis., since 1910. a t  Santn Fe, N. Mex., 
since 1912; and a t  Lincoln, debr., since 1915; and the 
measurements of the total solar, or heat radiation, nnd of 
luminous solar radiation or daylight illumination, made 
at Mount Weather, Va.! during 1913 and 1914. The 
coordinates of these stations are as follows: 

Washington, lat. 38’ 66‘ N.; long. 77’ 05’ W.; alt. 418 ft. (127 m.). 
Madieon, lat. 43’ 05’ N.; long. 89’ 23’ W.; ah. 974 ft. 297 m . 
Lincoln, lat. 40° 60‘ N: long. 96O 41’ W.; alt. 1,225 ft. {373 m:]. 
Santa Fe lat. 35O 41’ d.; long. 105’ 57’ W.; alt. 7,037 ft. 2,145 m. . 
Mountl$eather,lat. 39°04’N.;long. 77O 53’W.;alt.l,772k.(54Om~. 
The direot solar radiation measurements obtained at  

Washington prior to 1914 were made with an A stram 
pyrheliometer; d others have been made with a%arvin . They have been published in the Bul- Pyrhdomebr etin of the Mount Weather Observatory 5235-96, 5:175- 

157307-2-1 

183, 302-303, and in the MONTHLY WEATHER REVIEW, 
1914, 42:64S; 1915, 43:112 (monthly thereafter). 

THE MARVIN PYRHELIOMETER. 

Figure 1, frontispiece, shows the Marvin pyrheliometer 
and the ausiliary a paratus emplo ed in its standardi- 
zation at  the Wea t% er Bureau. d e  pyrheliometer (P) 
consists of n silver disk, mounted inside a metal shell 
that is inclosed in the wooden bulb of the instrument, 
imbedded in which is an insulated niokel wire wound 
noninductively in the form of a thin disk. Its resist- 
ance is about 35 ohms. The front of the silver disk is 
blackened, and a beam of solar rays of known area is 
ndnlitted to it through the diaphragmed tube. The 
bulb and tube have a dock-driven equatorial mounting, 
and on the tube is a mechitnism for operating the shutter 
n.t the cnd of the tube, the circuit throu h the magnets 
of which is closed b the clock (C) at  t 1 e end of each 
minute, thereb 
shutter. A bellon the relay (R) is run every 10 sec- 
onds by means of cirouit breakers on t a e clook. The 
resistance coil of the pyrheliometer is in one arm of the 
Wheatstone bridge (B) and in the opposite arm are 
dids for varying the resistance to maintain approxi- 
mately the bridge bnlance as the resistance of the pyrhe- 
lionietric coil inoreases or decreases with heating or 

A high sensitivity @variometer (G) is em- 

tween the two arms of the bridge. 
fimt 

temperatiires, and th, n submitting them to the heating 
effect of an electric current of known strength and me- 
uring the resulting change in resistance. There results 
a series of factors varying with the temperature, or 
resistance? of the coils, by means of which rates of change 
of resistance may be reduced to units of heat that have 

roduc.ed the observed changes of resistance, Dr. Paul b. Foote of the United States Bureau of Standards has 
made a careful stud of one of these p rheliometers, and his 

followed, are confifmatory of the Weather Bureau detcr- 
minations. 

Comparisons of Marvin pyrheliometers with the Smith- 
sonian Absolute yrheliometer, through secondary Smith- 
sonian Silver-disy; pvrheliometers, have shown that the 
former read slightly the lower. For the sake of uniformity, 
the constants of the Marvin pyrheliometers have been in- 
creased to bring the instrumental readings into accord 
with the Smithsonian revised scale of pyrheliometry ”2 

a P ternately opening or closing the. 

. 
ployec coolinf to nicttsure sniall differences in resistance be- 

carefnlly measuring the resistance of t-he coils a t  i! nown 
The pyrheliometers ha\-e been standardized b 

results,whichmay 6 e consulted for B etails of the methods 

1 “Someehrrscteristicsof the Marvin p rheliometer” Scientific papersof tpe Bureau 
of Standards, ho. 323. Abstract in the%ONTHLY IVEATIIEB REVIEW for hovambez, 

21~Smithsonim pyrheliometry revised ” Abbot C. G. and Aldrich L. B. Smith- 
soniau Misc. Col. Vol. Bo, No. 18, 1913: See also Note on comp&lsons batwean 
pvrheliometers and on the difhrwce between the hgstr81u StQndard end the Smlth- 
dnian Standard, by Dr. Andws dngstrtjm. This REVIEW, p. 788-799. 

1918 46: 499-500. 
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3 1  

21 13 
23 SG 
30 44 
37 51: 
44 37 
4s 21 
49 3? 
44 2% 
44 13 
38 12 
30 35 
23 51 

In measurin radiation intensities with the Marvin 

as in the standardization of the instruments, escept that 
a special bridge has been constructed, whic.h has in the 
arm op osite that containing t.he pyrheliometer a single 

on the brid e in figure 1. Successive rates of increase and 

temperature of the coils during exposure to and shading 
from the sun, respectively, are measured durin the 
50-second intervals beginning with the lo-secons sig- 
nal by the relay bell, and ending with the 60-second 
signal.’ 

pyrheliometer t % e same auxiliary apparatus is employed 

dial an B a series of plugs in place of the four dials shown 

decrease o B resistance with increase and decrease of the 

TOTAL SOLAR ItADIATION. 

There are six principii causes of variation in the solar 
radiation intensities a t  the surface of the earth, as Iollows: 

(1) Variations in the amount of heat energy radiated 
from the sun, the intensitv of which a t  the earth’s mean 
solar diatance is called the solar constant. These are 
small, apparently nonperiodic variations, and need not 
be considered in this investigation. 

(2) Variations in the earth’s solar distance. Since 
the radiation intensity varies inversely as the square of 
this distance, we would expect it to be 7 per cent more 
intense with the earth in perihelion early in January than 
with the earth in aphelion early in July. 

(3) Amount of water vapor in the atmosphere. In  
general, this decreases with latitude, ai titude, and dis- 
tance from the ocean, and increases with temperature. 

(4) Dustiness or haziness of the atmosphere. This 
appears to be closelv related to (3). 

(5) The zenith distance of t>he sun, which is easily 
computed when we know the lntitude of the place of 
observation, the sun’s declination, and the apparent, or 
true solar time. 

(6) Oh-iously, the radiation intensity will, in general, 
increase with ahitude. 

Generally speaking, in the nort-hern hemisphere the 
water vapor content of the atmosphere increases a t  
about the same time of year the earth’s solar distance 
increases, so that with the sun at any given zenith 
distance the solar radiation intensity is much greater in 
winter than in summer, and in the early spring months 
than in the late fall. There is also a wide range in the 
intensities measured on different days in a given month, 
so that long series of measurenients are necessary. to 
establish monthly mean values. In  this investigation 
such monthly means have been obtained from the mean 
of the weighted a. m. and p. ni. normals that are derived 
from the “Monthly means” and ‘iDepartures from 
normal” given each month in the REVIEW from July, 

- 

0 , D l  

12 01 
13 4? 
19 33 
15 4s 
31 47 
35 I 
315 34; 
35 30 
31 53 
%j 03 
19 %; 
13 41 

I Prof. F. H. Bigelow in  Supplement No. 1 to “Treatises on the Atmos ieres of the 
Sun and the Farth ” New York 1919 p 1 has erroneously classified the &vin yrhe- 
liometer w i t i t h e  2 t r h  $rheliomeier, which makes use of the static niet.od of 
observation. instend y w i t h  t i e  Sniithsonian Silrer-dlsk Dyrheliometer. which makes 

6 7  
__ 

0 ,  

o as 
5 55 
9 57 

11 29 
10 05 
6 01 
0 21 ........ ........ 

use of the dynamic method of observation. Reference to:the s l o v e  deskiptiou of the 
instrument;and to the paper by Dr..Footealreadycited.~illmske clear Prof. BiFelow’s 
errnr. However. with reference to hisstatemeut tbnt lheformcr istatic~s~.sternisincau~ 

- 
0 ,  

........ ........ ........ .___._._ ........ ........ 
-0 23 ........ ......._ ........ ...._... ........ 

ble of d e i e d n i i g  thetruevalue-of the *%klarmnsta~ ”oikidiaIion,‘<eneedhive>o 
concern since themethodby which Professor Bipel~w~unde~akeslocomputethqvolueof 
the 9o im constant” from readings of the pyrheliometer 18 seriously in question (See 
Scftncc June 21 1918 NS. 47:W and Nafurr (London) June 5 1919 Vol. 103 p. ?til.) 
while the accu& 6f radiation mensiirements by such inst4menis as the hstrtld 

D ~ . 2 1 _ _ _ _ _ . . _ _ _ _ _  
Jsn.21 ...___._..._ 
I;eb. 21 ._.._._._._. 
M a r . 3 1 _ _ . _ _ _ _ _ . _ _ _  
A p r . 2 1 _ _ . _ . . _ . _ _ . .  
hlayal ..._........ 
June21 ............ 
July21 ......_..___ 
Aug.21 ..........._ 
Se“p.2!: __..._._.. 
Nov.21 ....._..___. OC 21 .._....... 

and the Slllithsonian pyrheliometers in the hands of corn etent observers is generally 
dmltted. That the measurements by the hfarrin pyrheRometer are equally accurate 
has been shown by frequent comparims hetween the later and Smithsonian Silver- 
disk yrheliometer No. 1 wpich is the property of the Weather Bureau, and. which is 
itselffrequently compared wlth the secondary pyrheliometers at the Smthsoman Insti- 
tution. 

4 For Santa Fe for the m o n t h  October to March inclusive it will be urcrssary to 
consult the REVI~EW for October, 1917, to Mwch, 196, inclusivd. 

D l O ,  

3G 33 34 33 
40 135 S 03 
49 29 47 00 
GO 16 57 01 
70 I 67 10 
so 12 73 1G 
83 27 75 06 

29 73 27 
r l  07 67 20 
rx) 42 57 25 

40 04 35 01 
49 17 46 49 

1918, to June, 1919, inclusive, in my monthly summary 
of “Solar and sky radiation measurements,”Tabl e ‘ 
Extreme accuracy would require that a. m. and p. m. 
radiation intensities be considered separately, but the 
character of the data available does not justify such 
refinement. 

The radiation intensities measured a t  Washington with 
the sun at different zenith distances probably represent 
fairly well the intensities that would be measured 
anywhere in the Atlantic Coast States a t  elevations under 
500 feet with similar atmospheric conditions as regards 
water vapor and haziness, and with the sun a t  corre 
sponding zenith distances. Similarly, the measurements 
obtained at Maclison and Lincoln probably represent 
fairly well places on the Central Plains between 1,000 and 
1,500 feet above sea level; and those obtained a t  Santa Fe 
likewise represent radiation intensities on the Rocky 
Mountain Plateau a t  elevations of about 7,000 feet. 

VARIATION DUE TO LATITUDE. 

The radiation intensity a t  any hour of the day varies 
with the sun’s altitude, or complement of the sun’s 
zenith distance.5- In  Table 1 is given tlle altitude of the 
sun for each hour of apparent or true solar time from 
noon to sunset, on the 21st clay of each month, for north 
latitudes 30°, 36”, 4Zo, and 48’. The altitudes are, of 
course, the same for corresponding hour angles of the sun 
from the meridian before noon. Table 3 gives the 
corresponding aziniuthse of the sun, which, with the 
altitudes of Table 1, completely define the sun’s position 
when referred to the horizontal system of coordinate 
circles. If w e  plot the logarithms of the monthly mean 
radiation intensities for the different stations above 
referred to against the corres oncling air masses, ni, 
(approximately the secan t of t% e sun’s zenith distance) 
we obtain sli@,l;y curved lines from which the logarithm 
of radiation intensities for air inasses corresponding to 
any altitude of the sui, as, for instance, the altitudes of 
l’a ble 1, may be read off. 

TABLE I.-Solar altitudes. 

LATITUDE 30’ N.  

I Sun’s hoiu angle from meridkm. 

Date. 1 0 I 1 

- 
2 
- 
0 ,  

29 12 
32 21 
40 16 
4s 47 
56 49 
ti1 13 
tj? 30 
A1 21 
56 57 
49 07 
40 06 
32 19 
- 

- 
5 

0 ,  

0 2 0  

7 25 
13 a5 
1s 48 
22 21 
23 52 
23 39 
1s 55 
13 19 
7 19 
2 18 

a 19 
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15 
17 
1s 
22 
2s 
35 
39 

2s 
22 

35 

77 1 

-- 
e .  

29 
30 
35 
41 
50 
68 
63 

50 
41 

59 

TABLE 2.Qolar azimuth-Continued. 

LATITUDE 42' N. 

. ,  
-0 11 

5 40 
12 15 
19 02 

7.5 13 
B 42 
1 9 0 9  
1 2 3 0  
5 33 

-0 12 

TABLE 1 . 4 0 l a t  alt i tuh-Continued. 
LATITUDE 36' N. 

Sm's hour angle from meridlap I 

. I  . I  

........................ ................ ................ 
0 09 ........ 
6 59 ........ 

2 3 3 3 1 1 4 3  0 2 2  
13 31 1 46 
11 52 0 33 
7 0 5  ........ 
0 7 . 5  ........ 

........I........ 

................ 

Bun% hour angle from meridian. 

&*r.21 ......... 
Jan.21 .......... 
Fcb.21 ......... 
Mar.21 ......... 
Apr.21 ......... 
May21 ......... 
June21 ......... 
July21 ......... 
A U ~ . S I  ......... 
Sept.21 ......... 
OCC. 21. ........ 
Nov.21.. ....... 

. I  

-23 27 ' -19 54 
-10 31 

0 16 
11 I 
20 I? 
23 27 
20 29 

0 $2 
-10 43 
-19 56 

i n  07 

........... 
i? 
SI 
89 
96 
99 
96 
s9 so 
72 

........... 

..... 
90 
90 

105 
10s 
106 
99 
91 ..... 

2[( 
27 
14 
56 
40 w 
35 
36 
5.2 
18 
01 
23 

4 17 
6 5 9  

14 05 aa 02 
30 05 
3536 
37 31 
35 37 
30 15 
22 21 
13 55 
6 5 8  

........................ ........................ 
3 5 0  

11 17 0 11 
19 01 7 55 
24 I 8  13 23 
!& 25 15 34 
2 4 2 9 1 3 3 3  
I9 11 8 05 
11 35 0 28 
3 12 ........................ 

................ ........ ........ 
3 51 
5 14 
3 0 6  ........ ........ ................ 

Dcc.21 ......... 
J w .  41 .......... 
Feb.21 ......... 
M:w. 21 ......... 
Apr.21 ......... 
&y21 ......... 
Juny;l ......... 
J u l y  -1 ......... 
Ai i~ .21  ......... 
5vpt.2i ......... 
IJCt. 21 .......... 
h'ov.21 ......... 

-:% a7 
-19 54 
-10 31 

0 16 
11 53 
20 12 
.?3 27 
20 29 
12 O i  
n 42 

-10 43 
-19 56 

2s 
30 
33 
3s 
45 
$2 
55 
52 
46 
3s 
33 
30 

41 
43 
4 i  
53 
w2 
RS 
72 
69 
69 
54 
47 
43 

5" 
&5 
(10 
67 
75 
Y? 
85 

75 
6 i  
BO 
55 

s" 

.................. 

.................. 
71 ........... 
79 90 ____. .  
s7 95 ...... 
93 104 114 
95 108 117 

S7 08 __..__ 
79 91 ...... 
72 ............ 

93 in4 115 

.................. 

0 3 s  
3 32 

11 10 

as 43 
34 47 
37 10 

2 8 5 3  
20 08 
10 59 
3 30 

19 47 

....... ....... 
2 00 

IS 49 
21 47 
2i 06 

3500u59 
1 s 5 9  
10 31 
1 49 ....... 

io in  0 12 
8 1s 

14 52 
17 18 
15 05 
8 E.$ 
0 32 

............... ........ 
........ 

5 I 
7 53 
5 37 

........ ........ 
Per 

cent. ....... 
2.7 
2.5 
2.4 
2.3 

2.0 2.0 
1.8 
1.9 
1.9 
1.9 
2.0 
1.9 
2.1 
2.0 
6.0 
6.7 
7.2 

-.-_____ 

Pt7 
cal. eal. cent. 
1.453 ................ 
1.418 0 .B5  2.4 
1.355 33 2.3 
1.355 30 2.2 
1.327 28 2.1 
1.301 1.278 26 2.0 

1.254 k; 
1.233 ?1 1.7 
1 .2E  21 1.7 
1.192 20 1.7 ......................... ......................... I ......................... ......................... ......................... ......................... ......................... 

~ 

cal. 

0.0% 
26 
25 
25 
23 
23 
23 
21 
20 
20 
20 
18 
1s 
1s 
17 
I6 

PPT 
cent. cal. ............... 1.395 

2.3 1.345 
2.3 1.315 
2.2 1.3M 
2.2 1.255 
2.1 1.230 
2.1 1.205 
2.2 1 . 1 s  
2.0 1.161 
2.0 1.139 
2.0 1.11s 
2.1 1.096 
1.9 1.075 
1.9 1 . w  
2.0 1 . m  
1.9 0.970 
1.S 0.905 ............... 0.840 

16 
17 
a0 
33 
44 
50 
44 
33 
25 
20 
17 

30 63 54 
32 45 56 

2 5 4 5 6 0 0 ' 1 2  
55 71 82 
67 SI 90 
72 85 94 
88 81 01 
56 72 82 
45 61 73 
37 51 63 
33 45 57 

37 51 63 

100 
107 
109 
107 
100 
91 

...... 106 
115 116 
11s 120 
115 116 ...... 106 

...... 92 ........... 76 ........... 64 

Date. I Del- 0 

- 
4 

- . 
53 
55 
61 
69 
7s  
$6 
89 
I 
79 
69 
61 
55 
- 

- 
3 

- 
a 

42 
44 
50 
56 
66 
74 
ib; 
75 
R6 
56 
4Y 
44 
- 

- 
7 

._ 

.... .... .... 

.... 

.... 
115 
117 
115 .... ._.. .... .... 
- 

4 1 5 1 6 1 7  

- #  

7 5 3  
10 23 
16 51 
2 4 0 2  
31 08 
35 38 
37 11 
a5 47 
31 14 
24 1s 
1 46 
10 22 

717 
........... 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

57 
62 
75 
91 

107 
119 
1 2  
119 
107 
92 
75 
62 

ne&. 21 ............ 
Jan. 21 ............ 
Feb. 21 ............ 
Mar. 21 ............ 

21. ........... P* ay 21. ........... 
J-9 21.. .......... 
July 21 ............ 

21. ........... 

Nov. 21 ............ 
.......... .......... 

.-I I I 

LATITUDE 42' N. LATITUDE 45" N. 

De&. 21 ............ 
Jan. 21 ............ 
Feb.21 ............ 
Mar. 21 ............ 
A r.fl... ......... 
June 21.. .......... 
July 21 ............ 

21.. .......... 

Nor. 21 ............ 

2 ay 21 ............ 

2t. 21.. ......... 
0 3 . 2 1  ............ 

53 
58 
73 
01 

lW 
E 2  
127 
122 
109 
9" 
73 
58 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.1 
15 
17 
2n 
24 
2s 
31 
%I 
2.1 
LW 
17 
15 

I I I I I I I I I I  

TABLE 3.-Relation between radiation iihteesities and the atmospheric 
water vapor pressure at the earth's szrrface. 

LATITUDE 48' N. - 
13 30 
16 59 
!2S 46 
3 5 4 0  
46 M 
53 10 
5 5 5 3  
5 3 7 . 5  
46 16 
3601 
7 . 5 3 4  
16 57 

I DW. 21 ............ 
Jan. 21 ............. 
Feb. 21 ............ 
Mar. 21 ............ 
A r. 21 ............ 2 ay 21 ............ 
June 21. ........... 
July 21 ............ 
Au 21 ............ 
act. 21 ............ 
Nov. 21 ............ 
Bept. 21.. ......... 

Washington, D. C. 11 Madlson. wis. 11 Santa Fe. N. Nebex. 

L. 

- 

mm. 
1.0 
2.0 
3.0 
4.0 
5.0 
R. 0 
7.0 
5. 0 
9.0 

10.0 
11.0 
12.0 
L?. 0 
14.0 
15.0 
16.0 
17.0 
IS. 0 

-- 

QS 

- 
tal. 
1.205 
1.180 
1.154 
1.129 
1.101 
1. on1 
1.05s 
1. m.5 
1.014 
0.994 
0.974 
0. w 
0. '236 
0.918 
0. ww) 
0. &s 
0.867 ....... 

AQ 
- 

Gal. 

0.037 
33 
31 
29 
35 
35 
22 
?? 
21 
21 
22 
21 
22 
21 
62 
65 
I 

...... 

- 

I I 

............... .......I ........ 

TABLE 2 . 4 o l m  azimuths. 
IATITUDE 30" N. 

Bun's hour angle from meridian. - 
0 

- . 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 - 

Ikclina- 
tion. 

0 ,  

-% 27 
-19 54 
-10 31 

0 I6 
11 53 

2 3 2 7  
20 29 
12 07 
0 42 

-10 43 
-19 56 

m 12 

Date. 

Der. 21 ........ 
J m .  21 ......... 
Feb. 11 ........ 
Mar. 21 ........ 

........... 62 

........... 66 

........... 57 
go...... 91 

l o o . . . . .  !04 
ins . _ _ _ . _  114 
111 11s 11w 
ins ...... 
101 ...... 1u4 
91 ...... 91 

..... ......I G6 

W A T E R  VAPOR CORRECTION. 

"heradiation intensitiesmust nest becorrected forvaria- 
tion in the water vapor content of the atniosphere with lati- 
tude. This correction has been determined as follows: 

(1) Table 3 shows the relation between radiation inten- 
sities Qz and the atmospheric water vapor pressure, e, at 
Washin ton, Madison, and Santa Fe, with the sun at 

have been reduced to mean solar distance of the earth. 
It will be seen that in general an increase of 1 mm. in 
the water vapor pressure decreases the radiation intensity 
by 2 er cent. This result is in accord with that ob- 
taine 2 by Gorczyyfiski and others.' A previous investi- 

zenith % istance 60°, m=2. The radiation intensities 

7 Gorcrmkki Ladislas. Sin La Marche Annuelle de I'intensit4 du r a p n e m e n t  
Soldre P hso'vie:  Varsovle 1908. Valeurs pyrh6liometrlqim, et les sommes d'insola- 
Uon B Varsovle 1901-1913. +amvie 1914 

Westman, J. ' Mesures de l'intensii6 de ia radlation solaire Ialtes B Upsala en 1901. 
Upssla. 1907. 55p. 1'. (Kungl. Svenska vetenskapsakademiens handliugar. Bd. 
2. No. 4. p. 26.) 

Apr. 21.. ...... 
M3V 21.. ...... 
June 21 ........ 
July ?I . .  ...... 
Aug. 21 ........ 
Sept. 21 ........ 
Oct. 21 ......... 
Nov. 21 ........ 

ATITDDE 36- N. 
- 
.... 

65 
73 
81 
91 
99 

102 
99 
91 
82 
73 
65 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-23 n 
-19 54 
-10 31 

0 16 
11 53 
20 12 
2 3 2 7  

. m 2 9  
12 07 
0 42 

-10 43 
-19 58 

Dee. 21 ......... 
Jan. 21 .......... 
Feb. 21 ......... 
Mar. 21. ........ 
A r 21 ........ 
June 21.. ....... 
July 21 ......... 
Aug. 21 ......... 
Scpt. 21. ........ 
Oct. 21 .......... 
Nov. 21 ......... 

d i 2 1 :  ........ 
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gations by the writer had shown that absorption of 
radiation by water va or would lead us to espect a 

increase in e. The earlier comparisons, however, were 
confined to days when polarization of skylight indicated 
equal intensities of scattered sunlight. In  this present 
case the greater decrease in radiation with increase in 
VB or preaaure must be attributed to the fnct that gen- 
er & y there is increased haziness, and, therefore, in- 
creased scattering of the sun's rays, with increase in 

on account of the vapor pressure, partly, 
hygroscopic character of t e dust and other particles in 
the atmosphere. 

(2) From the plotted lo arithms of the montlily mean 

the atmospheric transmission coefficient is diminished 
about 0.6 per cent for an increase in e of 1 rnm. There- 
fore the total effect of water vapor pressure upon radia- 
tion may be expressed approximately by the equation 

where Qm is the monthly mean radiation intensity for air 
mass m n t  a given station and Q'? is the intensity a t  
another locality under similar climatic conditions, except 
that the value of e is Ae millimeters reater. 

vapor pressure for s a s h i n  ton,. Madison, Lincoln, and 

thirty-sixth, forty-second, and forty-eighth parallels of 
latitude.1° 

TABLE 4.-Monthlg mecnz uuter vapor pressure. 

decrease of intensity o P only about 1 per cent per mm. 

r1laPs, 
radiation intensities ahea d y referred to, it  is found that 

& ' m = Q m ( O . g S A e X  0.994,m-2 (1)  

In Table 4 are iven the monthy 7 means of water 

Santa Pe, and for group o H stations along the thirtieth, 

EASTERN STATES. 

I Jan. 1 Feb. I Mar. I Apr. IMay. I June./ July.[ Aug. 1Sept.l Oct. 1 Nov. I Dec. 

I 
CENTRAL STATES. 

~ . ~ -- 

CENTRAL PLATEAU. 

I n  the table, Ae for lat. 30°, on the Gulf Coast, for 
lat. 36O,. in the States east of the Mississippi, and for 
lat. 42' in the northeastern States, is the average excess 
of the monthly mean water vapor pressure for the re- 
spective latitudes over the monthly means for Washing- 
ton; and this value has been used in equation (1) to deter- 
nine the water vapor correction. 

Ap lyin the water vapor correction as above deter- 
mine S %  to t e radiation intensities for latitudes 30°, 36O, 
and 4 8 O ,  as derived froin the monthly means for Wash- 

(a), Latitude W N .  (Qali Coest). 

(b) ,  Latltude 36"N. (Eastern States). 

Ssl l taFe 2.13 2 4 4  2.64 3.12 4.19 5.61 8.08 8. 
h t . 4 2 ' .  242 2.58 3.09 3.W 4.87 5.98 6.77 

0.8 ._... 1.94 2.06 2.47 2.91 3.90 4.79 5.42 
Ae.. . . . .. -0.19 -0.39 -0.17 -0.M -0. aS -0.72 -2.68 

L8t.42"X 

_ _ _ _  ~&me-_c_auuses oI Varistlon in the polarization of skylight. Jr. Franlrlin Inst., Apr. 
1911 p mu. 

m I&. +log. Qrlog. Qalr where a is the atmospheric transmission coefllcient and 
ni la any air mass. 

J@ These data have been taken from W. B. Bulletin W and BEVIEW Supplement 
No. 6 for the following stations: 

Lat 30'- Gulf Coast Galveston Tex Jacksonville Fla . Mobile Ala * aad New 
O r l e k  L'e 

Lat ha: Eastern U 8 Cliattano Tenn. Charlotte N C * Knaxvllle Tenn: 
Memius 'I\enn.; N h v i i e  ~ e n n . - % % ~ i  'ira . ~a le igh ,  N."o. Central' plains: 
Amarillo'Tex Fort Smith Ark - Okbhoma bkla." 

Lat. 42': Ndhheestern U' S Aibany N Y' * Boston Mass B U ~ ~ I  N. Y * Chicmgo 
I11 - Cleveland Ohio- Detrbit"Mich kn; & * New haven' Conn . band&p Ohio: 
Tdedo, Ohio. ' C..ntkl Plaid, Dav&port' Io&; Des Molnek, I O W ~  Dubuque' Iowaf 
North Platte h.-tJr.: Omaha Nebr.; Vdentine Nebr - Yanl;tOn 8. Dak. central 
Pleteau, Cheienne, wya; &der, wyo.; Pocsho, Idaho; Sdt'Lake City, Utah; 
Wmnemucca Nev 

Lat 48': fiorth&n Plains Devils Lake N. Dak * Duluth, Mlnn.; Havre, Mont.; 
Houghton, Mlch.; Moorhead,'Minn.; Willi~ton, N. l&. 

Southern'Plsins Abllene,hx.: B a n  Ant)omio,'+ex.; Yima. L i z .  

per square centimeter.) 

(c), Iwtitude 42ON. (Northenstern States). 

FxOOURE 2.-SoIar radiation intensity at  normal incidence. (Qram cslorles per minute 
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Date. 

. . . . . . . . .  

11ec. 21.. ......... 
Jan.21 ........... 
Feb. 21 ........... 
hhr.Zl..__. ...... 
Apr.21.. ......... 
May 21 ........... 
June 21.. ........ 
July 21.. ......... 
Aue. 21 ......... 

(a),  Latitude W N .  (Southern Plains). 

0 3 2 3  

- __ - - - 1 

(a), Latitude W N .  (Central Plains). 

- 

5 1 0 

- 
(e), Latitude &ON. (Central Plsina). 

Percent- 

7 /p%& 
dail I tot,{. 

I I I I I I I I I I I I 

eal. 
1.16 
1.21 
1.28 
1.24 

ington, the intensities of Table 5a and figure 2 are ob- 
tamed. 

A coniparisoii of radiation intensities for lat. 42' de- 
rived from Madison and Lincoln measurements indicatw 
that the increased tendency to cloud formation, perhaps 
due to the presence of nunierous lakes in the vicinity of 
Madison, depresses the radiation intensity a t  that station 
during the warm part of the year (May to Novemberj, 
when the lakes are free from ice. During the cold months 
(December to April), the effect of the lakes is not ap- 
parent. During these latter months, therefore, the mean 
of the radiation intensity and the vapor pressure at  these 
two stations has been employed in determinin the radia- 

remainder of the year. The Lincoln data have also been 
employed in deterruinin the radiation intensities at  

thus deterniined am given in Table 5b and figure 3. 
TAELE Ba.-Solar tad idon  intensity at normal incidence. 

(Oromcalories per minute per square centlmeter of surface.) 
LATITUDE 30' N. GULF COAST. 

tion intensity and the va or pressure in the P !? aim States 
a t  lat. 43O and 48', an C F  the data for Lincoln for the 

lat. 36' and 30' in the B lains States. The intensities 

cat. 
1.09 
1.15 
1 .m 
1.19 

Hour angle ofsun from meridian. I 

cal. 
0.12 
0.23 
0.57 
0.61 
0.71 
0.74 
0.76 
0.77 
0.67 
0 . s  
0.49 
0.22 

cal. eal. ....................... ....................... ....................... 
0.11 ................ 
0.38 ................ 
0.41 ................ 
0.17 ................ 
0.48 ................ 
0.35 ................ 
0.11 ................ ....................... ....................... 

Sept.21 .......... 
OCt. 21 ........... 
KO\.. 21 .......... 

1.15 
1.19 
1.15 
1.17 
1.18 
1.19 

MI. 
1.19 
1.23 
1.?9 
1.26 
1.20 
1.17 
1.16 
1.19 
1.16 
1.19 
1.20 
1.22 

1.12 
1.14 
1,11 
1.14 
1.13 
1.12 

..................... 
0.50 
0.70 0.11 
0.82 0.50 
0.85 0.69 
0.86 0.60 
0.M 0.61 
0.75 0.45 
0.67 0.11 
0.48 

46 

....... 53 

0.11 ......... 
0.13 50 
0.11 ......... ................ ....... 51 ....................... 

.............................. ....................... 
................ 

.............................. 

cal. 
0.93 
0.99 
1.10 
1-10 
1.09 
1.05 
1.06 r. OR 
1.03 
1.05 
1.01 
0.08 

Dec. 21 __.__ .. _. _. 
Jan. 21. .......... 
Fob.Zl_.._.. ..... 
Nar. 21.. ......... 
.4 r.21 ........... 
June 21 ........... 
July 21. .......... 
Aag. 21.. ........ 
Sept. 21. ......... 
Oct.21.. ......... 
Nov. 21.. ........ 

nBay 21.. ......... 

- 

4 

M l .  
0.67 
0.72 
0.87 
0.80 
0.96 
0.84 
0.95 
0.96 
0.SQ 
0.88 
0. so 
0.71 

1.22 
1.25 
1.34 
1.33 
1.?S 
1.23 
1.23 
1.24 
1.21 
1.25 
1.26 
1.26 

1.09 
1.15 
1.27 
1.26 
1.22 
1.19 
1.19 
1.20 
1.15 
1.20 
1.16 
1.16 

0.92 0.62 
0.99 0.70 
1.14 0.91 
1.16 0.99 
1.17 1.04 
1.12 1.02 
1.13 1.02 
1.13 1.03 
1.08 0.95 
1.12 0.95 
1.06 0.84 
0.99 0.70 

0.61 
0.93 
1.12 
1.15 
1.21 
1.18 
1.19 
1.18 
1.14 
1.14 
1.04 
0.92 

LATITUDE 36' N. EASTERN U. 8. 

0.41 
0.61 
0.95 
1.01 
1.09 
1.10 
1.09 
1.11 
1.02 
0.99 
0.81 
0.55 

I I I I 

0.12 
0.58 
0.73 
0.76 
0.75 
0.48 
0.11 

1.15 
1. 22 
1.33 
1.31 
1.2: 
1.22 
1.23 
1.23 
1.19 
1.24 
1.24 
1.23 

............. 43 

....... 53 ................ 
0.20 ......... 

53 0.36 
0.20 ......... ................ ....... 51 

...................... ...................... 

...................... ...................... 

Jen.21. .......... 
Fch. 21 ........... 
Mar.21 ........... 
Apr. 21 ........... 
Mav 21.. ......... 
Jun'e 21 ........... 
Jiily 21. .......... 
Aua. 21.. ........ 
Scpt. 21 ._._ _ _  _.__ 

1.21 
1.34 
1.34 
1.32 
1.29 
1.2R 
1.29 
1.26 
1. a8 

LATITUDE 42O N. NORTHEASTERN U. 8. 

1.10 
1.18 
1.33 
1.32 
1.30 
1.2s 
1.2s 
1. 2P 
1.25 
1.27 
1.24 
1. IS 

1.01 
1.10 
1.25 
1.27 
1.27 
1.24 
1.25 
1.24 
1.21 
1. 24 
1.1s 
1.10 

..... ..... 
0.41 
0.73 
0.89 

0.96 
0.95 
0.83 
0.72 
0.35 

n.94 

..... 
- 
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- 

0 

TABLE 5b.-Solas radiatbn intendty at normal i n e i h e .  

(Cram-calarles per minute per square centimeter of surface.) 

LATITUDE 30' N. SOUTHERN PLAINS. 

. -- 

TABLE 5 e . 4 o l a s  radiation intcm'ticS at n o m 1  incidme. 
(Cram calories per minute per square c c n t i m ~ e r  oi surlace.) 

L.4TITUDE 36' N. CENTRAL PLATEAU. 

I , 

Apr: 21 ........... 
Xaq 21 ........... 
J i m  X.. ........ 
July 21.. ......... 
All& 21.. ......... 
Sept. 21. ......... 
Ort. 21 ........... 
Nov. 21.. ........ 

Hour angle of sun from the meridian. I Percent- 

1.50 
1.51 
1.42 
1.41 
1.41 
1.17 
1.49 
1.92 

-_ 
1 

- 
ral. 
1. I 
1.51 
1.50 
1.54 
1.50 
1.50 
1.11 
1.41 
1.40 
1.46 
1.1s 
1.50 
- 

cat, I cor. 
1. l r  0.91 
1.22 0.98 
1.29 1.12 

1.25 1.14 
1.m 1.16 

1.21 1.15 
1.24 1.15 i.zi 1.16 
1. IQ 1 .m 

1.23 1.05 
].E 0.9s 

1.21 1.06 

enr. 
0.15 
0.29 
0.69 

0 3 9  
0.135 

0.93 
0.98 
aIw 
0.87 

a 6 2  
a s  
0.i4 

1.48 
1.38 
1.39 
1.37 
1.42 
1.43 
1.47 

1.43 1.34 
1.37 1 . 9  
1.34 1.26 
1.32 1.23 
1.36 1.24 
1.35 1.18 
1.37 I 1.07 

1.03 
0 .w 
0.85 

0.15 
a 67 

0.15 ......... 
0.21 60 
0.14 ......... 

....... 64 

................ 
....................... ....................... 

Mar. 21.. ........ 
A m .  21.. ........ 
May 21. .......... 
June 21.. ........ 
July 21.. ......... 
l u g .  21.. ........ 
sept.21 .......... 
Oet. 21.. ......... 
Nov. 21.. ........ 

1.39 
1.35 
1.29 
1.32 
1.31 
1.29 
1.33 
1.36 
1.3s 

0.63 

0.97 
0.96 
a m  
0.97 
0.89 
0.76 
0.56 

0.m 

.................... i 84 ............................. ....................... ....... I 5g 
a i 3  
0.59 ................ 
0.m 0.13 ......... 
a s  0.17 57 
0.81 Q14 ......... 
0.5s ................ 
0.12 ....... 56 ....................... ............................. 

-4 r. 21.. ........ 
d y 2 1  ........... 
June 21.. ........ 
July 21.. ......... 
Auc. 21.. ........ 
Sept. 21. ......... 
ClCt.21.. ......... 
Nov. 21.. ........ 

1.40 
1.36 
1.39 
1.3.4 
1.3'1 
1.39 
1.36 
1.31 

Hour angle of sun from the meridian. Date. 
0 

1 

- 
tal. 
1.31 
1.3i 
1.41 
1.38 
1.34 
1.2s 
1.31 
1.30 
1.28 
1.32 
1.35 
1.37 

2 

- 
tal. 
1. !m 
1.32 
1.36 
1.34 
1.31 
1.26 
1. ZY 
1.25 
1.25 
1.2s 
1.31 
1.32 

cal. 

0.70 
1.11 
1.16 
1.22 
1.17 
1.15 
1.07 
1.02 
0.61 

...... ...... 

...... 

cal. I cat. I ....... i ....... I ......... ....... I ....... I ......... 
0.13 I ....... .. 
0.49 ........I :::::::.. 

....................... 

0.58;  

0.62 
0.51 

a i 1  

.............. 
; ....................... I: ........ 

LATITUDE 42O N. CENTRAL PLATEAU. 

...... 1 ....... 1 sa ...................... nee.21 ........... 1.45 
Jan. 21. .......... 1. Q 
Fch. 21 ........... 1.49 
Mar.21 ........... 1.53 
Apr. 21.. ......... 1.49 
Mag 21 ........... 1.51 
June 21. .......... 1.44 
Juls 21 ........... 1.47 

Sept. 21.. ........ 1.51 
Ort. 21 ........... 1.47 
Nov. 21.. ........ 1.48 

auk. 21.. ........ 1.45 

1.43 
1.47 
1.49 
1.52 
1. 4s 
1.50 
1.43 
1.46 
1.44 
1.4s 
1.45 
1.47 

I l i  ~ ' I  ...................... 
0.15 .......I 63 
0.79 ................ 

63 
1.01 0.40 ......... 
0.15 ....... 

1.08 0.40' 

a n  

LATITUDE 36' N. CENTRAL PLAINS. 

1.12 
1.19 
1.31 
1.31 
1.30 
1.22 
1.23 
1.23 
1.21 
1. 23 
1.23 
1.1Y 
- 

0. 76 
0.91 
1. 12 
1.1s 
1.19 
1.13 
1.15 
1.14 
1.11 
1.07 
1. 03 
am - 

1.37 
1.32 
1.3s 
1.37 
1.35 
1.28 
1.2s 
1.39 
1.27 
1.30 
1.32 
1.31 

Dee. 21.. ........ 1.35 
Jan. 21. .......... 1.39 
Feb. 21.. ........ 1.44 
Mar. 21. ......... 1.41 
Apr. 21.. ........ 1.39 
Yay 21.. ......... 1.31 
June 21.. ........ 1.30 
July 21.. ......... 1.32 
Aug. 21.. ........ 1.31 
Sept. 21. ......... 1.35 
Uct. 21 ........... 1.37 
Nov. 21.. ........ 1.3s 

...... ...... 1 :::::::I::::::::: 

I 

LATITUDE 42' N. CENTRAL PLAINS. 

1.05 
1.15 
1.30 
1.3; 
1.31 
1 . s  
1.2i 
1.26 
1.23 
1.24 
1.23 
1.13 

o. 52 
0.75 
1.09 
1.24 
1.23 
1.19 
1.19 
1.1s 
1.13 
1.00 
1.00 a 76 

.............. .......I 49 

0.48 

......... ......... 
5s ......... 

....... 

Dee. 21 .......... 
Jan. 21... ........ 
Feb. 21 .......... 

1.32 j 1.30 1 . n  
1.37, 1.35 1.30 
1.45 1.44 1.39 
1.47 1.46 1.43 
1.39 1.36 1.36 
1.34 1.33 1.31 

1.32 1.30 

1.371 1.35 1.29 

~.~~~ 
Mar. 21... ....... 
June 21.. ........ 
July 21.. ......... 

.......... .......... 

A@. 21.. ........ 
Sept. 21.. ........ 
Oot. 21.. ......... 
Nor. 21 .......... ....... ....... ....... ......... 

I I I ' I' I I 

LATITUDE 4s' N. NORTHERN PLAINS. 
fa),  1st ilude 36"N. [Central Plateau). 

1.21 
1.29 
1.41 
1.46 
1.39 
1.35 
1.39 
1.38 
1.36 
1.37 
1.34 
1.2s 

1.10 
1. 21 
1.35 
1.43 
1.37 
1.33 
1.36 
1.35 
1.83 
1.34 
1.30 
1.21 

0.81 

1. n 
1.36 
1.33 
1.31 
1.33 
1.31 
1.29 
1.25 
1.10 
1.01 

1. nz 

- 

i 
0 14 1 ............................. 
0:47 I .............. 1: ............... 

................ ................ ......... ......... ......... ......... ......... 
....... ............ 

Dee. 21.. ........ 1.23 

Msr. 21 ........... 1.45 

Jan.21... ....... 1 1 . 3 2  
Feb.21 .......... I 1.42 

~~ 

The latitude of Santa 

~ ~~ - 

Fe (35' 41') differs so little 
from 36' that the vapor pressure for. that station has 
been employed for lat. 36' on the Plateau. For lat. 4 2 O  
the vapor pressures determined at stations avera ing 

level by the use of Hann's equation,l' the factor in this 
case bein.. O.S. The resulting radiation intensities are 
given in fable 5c and figure 4. 

about 5,000 feet have been reduced to the 7,000- f oot 

( b ) ,  Latitude 4YN. (Central Plateau). 

per squaw ccntimeter.) 
FIGIJBE 4.-Solar radiation intensity at normal ,incIdtme. ( C m  caiorles per minutc 

11 Smithsonian Meteorological Tables. 4th edit., 1918, p. 184. 
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hlav.. .............................. 
Julie.. .............................. 
Julv. .  .............................. 
Aikust.. ........................... 
September.. ................................ 
October. .................................... 
Noveiuhcr .................................. 
Mfan.. ...................................... 

Equation (1) is not general in its application, for if 
applied to Washin ton radiation intensities to determine 

means of vapor pressure for latitudes 36" to 43", inclusive, 
lie between 6 mm. in winter and 9.5 mm. in summer, 
the computed noon intensities for August and September 
are about 5 per cent greater than the intensities for 
March and April, which seems ini robable. More con- 

coast intensities for lat,itudes 36 and 4 3 O ,  respectively, 
a. correction of about 0.01 A P ,  or -3 per cent, for January 
and February, - 2  per cent for Novenibrr, December, 
and March, + 2 per cent for M R ~ ,  + 4 per cent for Sep- 
tember, and + 6 er cent for June, July, slid August. 

surfnce normal to the sun's rays may be obtained by 
plotting the intensities of Table 5 against thc corre- 

hour angles o l  the sun, intewating the 8.rea.s 
under t e curves, and multiplying tRe results by 2. 

If The possible daily total is found by the equation "Io=$ 
where Io is the solrlr constant, t is the length of the day in 
minutes, and R is the earth's solar distance espressed 
in terms of its mean solar distance. In  the last column 
of Table 5 is given the mtio between the ' I  Daily totals," 
and the "Possible dail totals" as above determined, for 

tlnd latitudes 36" N., and 43O N. In the Atlantic Coast 
States the ratio is about 50 er cent, in the Plains States 

cent. 
The water vapor correction for lat. 30" as derived from 

equation (1) may be too large. Possibly the radiation 
intensities given in Table 5a for that latitude are 5 per 
cent too low. "he percentage of error in the remainder 
of Table 5 must be small, however. 

intensities for the I! acific Coast States, where the monthly 

sistent values tire obtained by app f ying to trlie Atlantic 

The daily t0t.a P s of direct solar radiation received on a 

spondinK; 

the months of Decem g er, March, .June, and September, 

about 57 per cent, and on t % e Plateau it is about 63 per 

TABLE 6.-Noon raflicltion 6,tessitics. 
(Qramcolories per minute per square centimrter of normal surface.) 

1.52 
1.52 
1.50 
1.52 

I Washington. I Madison. I Lincoln. I SantaFe. 1.34 
1.31 
1.34 
1.35 
1.40 
1.44 
1.4s .......... 

1.57 
1.59 
1.59 
1.65 
1.61 
1.62 
1.55 

- - I 7 - I -  

1.46 1.51 
1.41 1.52 
1.37 1.49 
1.34 1.51 
1.43 1.53 
1.40 1.53 
1.43 1 .53 ,  

Date. 

Dee. 21.. 
J3n.21. .. 
Fcb.21.. 
Mar.21.- 
A r.21.. 

J u i e 2 l . .  
JIII~-21 ... 
A~ip .21 . .  
Sept.21.. 
Oct.31 ... 
NoV.21.. 
Means. 

&21 ... 

- 

ibso 
lute 
niax 
- 
C d .  
1.51 
1.52 
1.58 
1.56 
1.58 
1.53 
1.49 
1.44 
1.49 
1.4% 
I..% 
1.56 .... 
- 

-1 hso 
Mean. lute 

inas 

ral. rul. 
1. IS 1.4R 
1.24 1.42 
1.35 1.50 
1.34 1.48 
1.30 1.51 
1 . 5  1.45 
1 . 5  1.43 
1 . 5  1.4; 
1.33 1.43 
1 . B  1.49 
l . E  1.45 
1.24 1.15 ............. 

---- 

E 
nean. 

rolio. 
1.14 
1.12 
1.111 
1.10 
1.14 
1.16 
1.12 
1.0s 
1.14 
1.10 
1.12 
1.15 
1.12 

- 
\bso 
lute 
mas 

CUl. 
1.41 
1.66 

1. 66 
1.64 
1.61 
1.53 
1.45 
1.4; 
1.53 
1.5i 
1.63 

-. .. 

1. GJ 

.... 
- 

-- 

hI eau 

-__ 
eal. 
1.49 
1.52 
1.50 
1.:4 
1.51 
1.51 
1.42 
1.41 
1.40 
1.47 
1.49 
1.53 ...... 

- 
E 
uean. 
.__ 

ralio. 
1. 0s 
1. m 
1.1u 
1.0s 
1.WJ 
1.Oi 
1.0s 
1. M 
1. R5 
1.04 
1.05 
1.07 
1 . O i  

nean. 
__ 
mtio. 
1.25 
1.15 
1.11 
1.10 
1.11 
1.1U 
1.14 
1.1s 
1.16 
1.1s 
1.16 
1.19 
1.11 

Table 6, girin the monthly means and absolute 

midday on esceptionally clear days radiation intensities 
from 15 to 20 er cent great,er than the average axe to be 

greater in the Plains States, and from 5 to 10 per cent 
greater on the Rocky Mountain plateau. 

maxima of noon ra % iation measurements. indicates that a t  

expected in t % e eastern States, from 10 to 15 per cent 

I N C R E A S E  OF SOLAR RADIATION I N T E N S I T Y  W I T H  ALTI- 
TUDE. 

For a study of the increase in radiation intensity with 
altitude, in addition to the data contained in Tables 5 
and 6, there are available measurements made by the 
Weather Bureau a t  Mount Weather, Va.,12 between 

Abso- hfax 
!%Mean. lute -Mean 

max. mean. 

rsl. eal. rario. ral. 
1.30 1.4i 1.15 1.83 
1.35 1.56 1.16 1.36 
1.41 1.57 1.Dg 1.43 
1.51 1.60 1.06 1.42 
1.39 1.5s 1.14 1.39 
1.28 1.4i 1.15 1.T2 
1.2% 1.14 ~ 1 .  12 1.%? 
1.2s 1.46 1 1.14 1.33 
1.26 1.4131l.lti 1.31 
1.22 1.45 11.19 1.35 
1 . 2  1.46 1.23 1.36 
1.24 1.431 1.16 1.36 ............, 1.14 ..... 

__ __ __ 

13 See Bull. of the Mount Weather Observatory, 5:205-311, and 6315-219; Monthly 
Weather Revlew. 1014,42130,310,520. 

June.. ...................................... 
Allgust. .................................... 
September.. ................................ 
October ..................................... 
I'jovember. ................................. 
December.. ................................ 
January.. .................................. 
March. ..................................... Fpbruary 

July.. ...................................... I 

................................... 

September, 1907, and September, 1914, inclusive; by 
the Smithsonian Institution on Hump Mountain,. N. C.,lS 
between June, 1017, and March, 1918, inclusive; on 
Mount Wilson, Calif., in lSOS, 1909, 1910, and 1911; 
and on Mount Whitney, Calif., in 1908, 1909, and 1910.14 
b A. Angstrom on Mount Whitney in 1813;15 and by 

nis, in 1910, and a t  Ellijay, E. C., in 1915. 
These data are summarized in Table 7. They are 
probably adequate to establish monthly mean values 
at  Mount Wilson, but are insufficient to establish such 
values a t  other points. During the tinie when most of 
the readings were made at Mount Weather the atnios- 
pheric transmission was much below the normal, due 
to the high dust layer resulting from the eruption of Kat- 
mai Volcano in June, 1912. On Mount Whitney readings 
were obtained on 1s half-day periods; at  Fla t,aff, 8; 
at  Phoenis, 11; a t  Cheyenne, 5; and at  ER-ay, 5. 
With the exception of Cheyenne and Mount deather, 
these stations are not far from latitude 36" N. We 
shall thorefore consider that they represent intensitids 
a t  t,liat latitude after applying a correction for the sun's 
zenith distance where necessary. 

TABLE 'I.-lWmthly averages of eolar radiation intensity. 
(Gram-calories per minute per square centimeter of normal surface.) 

FT. (4,420 M.$ 

t x e writer at Cheyenne, Wyo., and Fla taff and Phoe- 

3lIoUNT WHITNEY, CALIF., LAT. 3fi" 35' N . LONG. 118' 17' W.; ALT. 14,503 

1.29 ................................ 
1.12 
1.24 ................................ 
1.36 ................................ 
1.38 ........I.. ...................... 
1.41 ................................ 
1.46 ................................ 
1.52 ................................ 
1.46 ................................ 

................................ 

........................ 
l..14 I ........ 

Ymth. 

January. ................................... 
I'ehruary.. ................................. 
Ifarch.. .................................... 
April.-. .................................... 
Mav ........................................ 
Jluic ........................................ 
July ........................................ 
August.. ................................... 
September .................................. 
October ..................................... 
Norernher. ................................. 
December. ................................. 

I Air mass. 1 Noonintensitles. 

1.31 
1.25 
1. a3 
1.17 
0.09 
1.03 
0 .W 
1.05 
1.14 
1.32 
1.26 
1.30 

1 cd. I cal. I cal. I eal. I d. I ca~. 
AI%. l s ~ e p t . 3  ............................. 1.51 1 . 3  1.60 1.65 1.05 

I...__ 

MOUNT WILSON, C-4LIF., LAT. 31' 13' N.; LONG. 11s' 4' W.; ALT. 5,767 FT. 
(1,7S9 M.). 

........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ........................ ................... ........................ 

I I 

....... I ........ I ........ I 

_. 

1.04 
1.05 
1.07 
1.09 
1.05 
1. 06 
1. w 
1.06 

HUMP MOUNTAIN, N. C., LAT. 36's' N.; LONG. Sa* 0' W.; ALT. 4,NN FT. 
(1,463 M.). 

MOUNT WEATHER, V I . ,  LAT. 39' 4l N.: LONG. 77' 53' W.; ALT. 1,772 FT. 
(510 X.). 

- 
1.37 
1.4s 
1.48 
1.45 
1.50 
1. I7 
1.48 
1.15 
1.50 
1.48 
1.43 
1.40 

I l l  

13 From the inanuscrlpt of a table that will a pear in A M &  of the Astrophysical 

W\nnals oi  the -4stAph slcal Jbservatory of the Smithsonian Institution ki4-00. 
study of the r a d i a t h  of the atmosphere. Smithsonian MIX. Col. d: No. 3, p. 

16 Some causes of the variation in the polnrlzatlon of skylight. Jr. Franklin Instit., 

Observatory Vol. 11- and klndl furnished by &stant Secretary Abbot. 

152. 1915. 

April, 1911, p. 338. 
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FLAGSTAYF, .4RIZ.,LAT.35°12' N.: LONG. 11l03i'W.: .4LT.G,907 FT. (Z,ln5 31.). 
-_.____ ~ 

Alr mss .  Noon intensities. 

Month. 

Sept .HO .......................... ........ 1.55 ........ 
--  

CHEYENNE, ~PO., LAT. 410s'x.;  LONG. 1010 IS' m.; ALT. I G , ~  FT. (2,105 af..) 

-4ug. m s c p t .  3 

.... ... - - - _._ .. - -. . -. __ - -. -. - . ._ - ........ - 

..................... 1.1sI 1.451 ........I 1.431 ........ 

ELLIJAT, N. C., LAT. 3 3  11' N.: LOXI:. So 15' W.: ALT. 3,240 FT. (Gb 31.1 

I I . . . . . . . . . . . . .  -~ __ .___ .. 

Nay 8-12. .................. ........I 1.43 I 1.21 I... .... .I.. ..... -1.. ...... I.. ...... 
PHOENIS,.4RIZ.,L.4T.33°2S'N.: T.0S0.112°0' W.;ALT. l . lWFT.(390X.L 

i I 
~ - 

-. . _ _ _  .- ...... . . . . . . . .  
I 

Ort.2-S ............................. I 1.4 iI  l .3SI 1.4PI ........ I 1.43 I.... .... . . .  - . ...... .- 

I Estnpolated. 

In curves I-IV, figure 5 is plotted the ercenhgs 

a.ralle1 from the Atlantic Coast States to the Rocky 
kountain plateau . Curve I has been derived from the 
monthly mean intensitpies with t'lie sun a t  zenith dis- 
tance 60'; curve 11, from the mont.hly mean noon 
intensities of Tables 6 and 7: curve 111, from the mnsi- 
mum noon intensities of tables 6 and 7; and curve IV, 
from the maximum intensit,ies t,hat have bcen recorded 
at  the respective stations, reduced to zenithal sun and 
mean s o h  distance of the earth. Great weight has 
been given to the data derived from the Washington, 
Lincoln, and Santa Fe data, as these stations are more 
representative of general conditions than are mount,:tin 
stations. The data for the latter for curves I, 11, and 
111, are generally high, indicating that the average 
radiation lntensity on a niountain peak is higher than 
on a plateau of the same elevation. The intensity a t  
Mount Wilson for curve IV is low, probably because 
readings have not been made there in winter when the 
vapor content of the atmosphere is least. A high degree 
of accurac can not be chimed for thc estreme readings 
on indivi 9 ual days of curve IV, and especially where 
they have been estrapolated to air mass 1 from about 
air mass 3, as has been the case with the readings for 
Washington, Lincoln, and Santa Fe. 

Cumes 8, VI, VII, and VIII, figure 5, are based u on 
the increase in the "Daily totals of radiation" of Ta&es 
9b and 9c for latitudes 36' a.ad 42' N., over the corre- 
s onding totals of Table 9a.. It is to be noted that for 

at noon is low, curves V a.nd VI approximate to curve I ;  
but for the warm season of the year, when the sun is near 
the zenith a t  noon, curves VI1 and VI11 approximate to 
curve 11. 

The intensities for Phoenix, Ariz., given in Table 7, are 
only slight.ly hi her than thc October intensities for the 

pressures are also about equal. The few readings oh- 
tnined at  Ellijay, N. C., are higher than one would espect 
for the clevation of t,hat station. 

Curve I1 is comparable with the results previousl!* 
obtained by the writer,17 namely, an incrense in raclia t,ion 

increase in radiation intensity along t,he t, v iirty-sisth 

t E e cold season of the year, when the altitude of the sun 

Plains States at 7 atitude 36O, and the corresponding va.por 

P 
17 Observotioiis on the increase in ikolnticii \\it11 deration. Bull. Mt. Weather Ohs. 

6: 1oi-110. . .  

intensity of about 5 per cent per 1,000 feet between 720 
and 1.720 feet elevation, and of about 0.5 per cent per 
1,000 feet between 7,000 and 18,000 feet elevation. Curve 
IV may be com ared with Abbot'sI8 determination, 

between Mount Wilson and Mount mhitney. The radia- 
tion intensities upon which curve IV is based, and the 

which gave less t % an 1 per cent increase per 1,000 feet 

I I I I I I I 
100 105 110 115 120 125 130 

RELATIVE RADIATION INTENSITY 

IWXTRP .5.-TnrmnrP in anlsr radiotion intemltv with altltude. westward Irm fhr 

rduced to zenithal sun and nh'm solor i 
d-llv totals of ndiation Oct.  to Jan., inel.. :rt Idat. 36'1 
t&ls of mdiition. Oci. to Akir.. incl.. at Lat. W N .  

dates when observed, are aa follows: Washingt,on, D. C., 
1.65, Dec. 26, 1914; Lincoln, Nebr., 1.71, Feb. 1. 1917: 
Santa Fe, N. Mex., 1.75, Feb. 1, 1917; Mount Wilson, 
Calif., 1.70, Aug. 13, 1909; Mount mi tney ,  Calif., 1.7i, 
Aug. 17, 1910. These values differ slightly from those 
employed by ,4bbot. 

-- - - - - - 
19 New evidences of the Intensity of solar radiation outside the atmosphere. Pmith- 

sonlan Msc. Col., vol. G.5, No. 4, p. 52 -54. 
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T h e  noon radiation intensities measured a t  Cheyenne 
average 14 per cent higher than the corresponding mten- 
sities for the northeastern part of the United States at. 
latitude 42’ N., and 8 er cent higher than the corre- 

less increase than is shown a t  latitude 36’, but is closely 
in accord with Curve VIII, figure 5. The mean intensl- 
ties a.t Mount Weather under normal sky conditions with 
the sun at  zenith distance 60’ average only 8 per cent 
higher than the corres ondin Washington intensities. 

dently the curves of figure 5 include the e ect of de- 
creased humidity with increase in distance from the oc,eaii, 
as well as alt,it.ude effect. 

sponding intensities for t % e Plains States. This is slightly 

This is less than curve f f  woul lead us to e s  ect. Evi- !i 
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T O T A L  RADL4TIOW ON A HORIZONTAL 8URFA4C!E. 

The vertical component of the total radiation (direvt 
hour of lus diffuse radiation from the sky) at an 

wit,h a clear sky may be computei by bhe 

Qm sin a 
r Qn= 

in which Qm is the radiation intensity a t  normal incitlence, 
for different hour angles of the sun, given in Table 5; 
(c is the correspondin altitude of the sun given in Table 1; 

radiation to the total (direct plus di use) radiation. The 
ratio r has been obtained from a eat number of meas- 

and the results are summarized in Table 8. The ratios 
for Washington are also shown graphically in figure la. 
At Madison but few measurenients were niade with the 
zenith distance of the sun in excess of 60’. The ratios 
for low sun a t  that station should therefore be given 
little weight. 

TABLE &-Ratio of the vetliwl component of direct solar radiation io the 
total radiation received on a horizontal sugaee. 

i and r is the ratio of t % e vertical com onent of direct solar 

urements made at Washington, &Y adison, and Lincoln,lg 

._ _ _ - - ~  ___ 
Sun’s zenith distnnre. 

__ ..__ ._ - 

On account of the clearer skies a t  Lincoln we would 

as it is, until the sun is 60’ distant from the zenit E- . expect the ratio r to be larger there than at Washin 

That the reverse is true wit,h low sun may be due to 
inaccuracies in the records from the Callendar pyrhelio- 
meters. However, the ratios determined at  Washington 
have been used in computing the total radiation on a 
horizontal surface for the Eastern States, and those de- 
termined at Lincoln in computations for the Plains States 
and the Plateau, and the results are given in Tables 9c, 
9b, and 9c, and figures 6, 7, and S .  It is to be noted 
that a considerable error in the value of r, for zcnitrh 
distances of the sun greater than 60°, will introduce coni- 
paratively small errors in t8he computed t,otal radiation 
received on a horizontal surface during a half-day period. 

~- 
ID For a descrlptton of the manner in whirh these measnrenients were oldnined see 

the Mnmrn~ WEATHER RRVIEW, August 1911 42: 4i7-479. See. also “A new inhru- 
ment for measuring sky radIatlon,’’.by An’drrs ‘IjngstrOm. Thls Review. p ’05-797. 

20 Bee rlso ‘‘Some robleins relating to the scattered radiation from 81; iky,’* by 
-4nders Aiiptr6m. h i s  Review, pp. 797598. 

[This latter is obtained by plotting the radiation intensi- 
$ies of Table 9 against the hour angle of the sun, and 
graphically integrating the area under the curve, Mul- 
ti lied by 3 the results give the daily totals of the above 
ita\les. i 

I I I I I I I I I I 

(b) ,  T.atlfudr %ON. (Emtern Shttrr). 

F1r;ixc C. --‘Tots1 iy!i.ilion iiil ,n;it” g r n  :I horiztm’iil niirr?rr with a cloudless sky. 
f :  l - . ~ ~ n  c tI.>:iL> pcr ?iiiliiitc prr : . q i i ~ t ~  ct.i:timrt:.r.) 

It is worthy of note that in Tables 9% and Ob the ratio 
of the daily total of radiation on June 21 to tho dail 
total on Dec. 21, for latitude 30’ N., is 2.09; while wit 
an atmospheric transmission coefficient of 1 .O, and 

K 
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(e), Latitude .WN (Crntral Plnins). 

(a), Latitude 48'N. (Northern Plains.) 

(n) ,  latitude 36'N. (Central Plateau). 

(b) ,  Latitude W N .  (Central Plateau). 

FIGURE &-Total radiation intensity 011 s horizmtal surface with a cloudless sky. 
(Gram calories per minute per square ccntlmetcr.) 

neglecting the diffuse radiation from t.he sky, Angot's 31 

computations 2.09 for the ratio of the niasinium to 
the niinimum F eat, received in a day a t  latitude 30° N., 
and 3.Oi for the ratio of the total heat received in .Tune 
to tha.t receired in December. Ab latitude 48' N., Ta.ble 
I)b gives for the daily totals on June 21 and December 21 
the ratio 5.1, while Angot's computations as above give 
4.Y for the ratio of the masinium to the niininium da.ily 
aniounts and 4 . i  for the ratio of the June to the December 
monthly totals. The ratios for Angot's coniputations 
increase rapidly with decreasing atmospheric trans- 
mission. Indeed, assuming the transmission in Deceni- 
ber to be 0.8 and in June 0.7, at  latitude 30" N. the ratio 
for the maximum to the minimum daily radiation, and 
also for the June to the December monthly radiation, 
beconies 3.1, while at latitude 48' the corresponding 
ratios become 7.5 and 6.5, respectively. The fact that 
under t.hese circumst.ances Angot's computations show a 
less relative radiation intensity in winter than in summer, 
and less a t  hi h latitudes than a t  low lat,itudes, than is 

the ratio of diffuse radiation to direct solar radiation 
with decrease in the sun's altitude, as shown by Table 8.  
This is also shown by the computations of Schmidt 32. 

shown by Tab 9; e 9, is to be attributed to the increase in 

S I  Angot, Alfred. Reeherrhes th6oretIques sur la distribution de la chaleur a la 
surface du globe. Annales du Buresu Centre1 Ml&rologique de France, Ann& lW, 
R121-169. 

SI Schmidt, Wilhelm. Otrahlung und Vcrdunstunq ~ l l  .?&ll Wasserflikhiehen urn. 
Annalen der Hgdrographie und Marltimen Meteodogie, Yarz. 1915,s 121. 

FIGWE '/.-Total radiation intensity on a horimtal surlsca with a rloacll: .-? sky. 
( G m  calories per minute per square centlmeter.) 
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11.01 

n.n; 0.16 
0.s 
o.:w 
0.4.: 
O . . i l  
n.41; 
0.3; 

TABLE Sb.-Total radiation on a horizontal wfm With a cloudbaa sky. 
i?;mm- .?lorkc p?r mlnutc pcr sqiurc wn*ime?cr of surfncr.) 

l~.iTIrl ' l~l>E 30" N. (SOUTHERN PL:iINS.) 

....... 

....... _. .___I::::::: 1 ....... 
0.01 ....... 
0.10 ....... 
0. lti ....... 
0.21 ....... 
0.17 ....... 
(1.10 ....... 

B drawing a smooth curve through the plotted daily 

and in the Plains States the daily totals for the latit,udea 
of Washington and of Lincoln, respectively, have been 
obtained, and are qjven in Table 10, in the column 
headed "Computed. The com uted daily totals for 

ponent of t8he monthly means of direct solar radiation 
and the ratios of Table 8. These computed daily totals 
may be compared with the daily maxima and the daily 
normals of total radiation, given in Table 10. The 
daily normals have been obtained from the data pub- 
lished in the REVIEW in "Solar and Sky Radiat-ion 
Measurements," Table 3, July, 1915, to June, 1919, in- 
clusive. The observed daily masinia for AIa.dison are 
somewhat low as compared with the com uted daily 

records a t  that station the selectire absorption of the 
not been taken into account, 

and Lincoln, ?* and also in 
In  order that they may be 

data of the table the 
and daily normals 

should be increased by about 2 per cent and 1 per cent, 
res ectively. The selective absorption of the bright 
gri 4; s has been taken into account in computing the rat.ios 
of Table S for Madison. 

tota i s of radiation for the different latitudes in the Eastern 

Madison were obtained direct,ly f rom the vertical coni- 

totals, partly, no doubt, because in reducing t. P ie Callendar 

... _ j  0.!G 
_ ._ . !  1.117 

. _ _ _ i  1.42 
_ _ _ _ I  i .an 

..._I 1. .i? 

... _ ;  1. :2 _ . _ _ :  1.43 

.... 1,:w _ _ _ _  l.? 

.... ! 1.0; 

_ _ _ _ I  1.2s 

.... I l . 4 9  

I Hour angle of sun from the meridian. I 

n.9:: 
LIE 
1.:; 
1.37 

1.4:8 
1.4s 
1. t i  
1.XS 
1.31 
1.1s 
1 . ~ 2  

1.4; 

Daily 
Total. 

5 1 6 1 7  I 

0.2.5 , n.01 
n.1; 
n.0-1 

....... 
.............. 
.............. 

0.46 0.17 
11.53 11.25 
n. 75 0.4.; 
n.ni  0.61 
1.07 0.77 
I .  n i  n. so 
1. in 0. ~5 
I. os n. si 
~ . Y : I  n. 5:! 

0.S6  0 . x  0.5s 0.41 
0.S3 0.25 

..................... 

..................... 
0. ia .._. _ _ .  . _ _  _ _ _ .  
0.2s 0.01 ....... 
0.X? 0.13 ....... 
0. .18 0.24 n.n? 
u. .s 0.2.5 0.03 
0.49 o : ~  0.02 
0.3s 0.18 ....... 
0.10 0.23 .............. 0.01 ....... 

..................... 

n. s; n. SI 
a 9 4  1.18 l).!lll 1.1: 

1.3.5 1.29 
l..I!* 1.43 
1. IS 1.44 
1.4s 1.45 
1.4') 1.4.5 
1.41 1.3.; 
i.xn 1.25 
I. 13 1.118 
I). 94 0.911 

O.I;I; 

0 . x  0.Ili 
1.1; 
1.31 
1.2'4 
1.31 
1.31 
l.?: 

0. 75 

1. 10 
n.m 

0. z; 
0. 63 
0.88 
1.12 
1 . 3  
1.29 
1.32 
1.2s 
1.17 
1.03 
0.84 
0.63 

0.34 
0.43 
0.65 
O.m 
1.02 
1.0s 
1.13 
1. IO 
0.96 
0. sl 
0.62 
0. .K3 

0.10 
0. 17 
0. B i  
0.61 
0. i7 

0. s3 
0. il 
0.53 
0.34 
0. l i  

n. s3 
n. $7 

.......I ....... I ....... I 
n. on 
0.29 

0.53 

0.45 
0.52 
0.*w 

..................... 
.............. 

0.01 ....... 

0.25 0.0.1 

0.1s ....... 
0.21 0.03 
0.3' 0.10 

0.41 0.15 
O.?4 I  0.01 
0.05 I 

....... 

....... 
.............. 

Apr. 21.. ........ 
m y  21.. ........ 
Jmiv '3.1 .......... 
July 21.. ........ 
Aug. 21 .......... 
Scpt. "1. ........ 
Ort. 21 .......... 
xw.21. ........ 

1.41 
1.41; 
1.4X 
1.4li 
1.34 
1m 
1.01 
0.w 

Date. - 
0 

C U I .  

0.01 
0.07 
0.10 
0.13 
0.12 
0.07 
0.01 

--- 
tal. per 

cal. cm 2. ............. 307 ............. 352 ............. 465 ....... 539 ....... tin5 ....... 825 
....... M3 
....... 644 

....... 516 

....... 
............. ............. 

.... 0.S2 0 4 9  0.37 0.19 

F ~ ~ b . 2 1 . _ _ _ _ _ . _ _ .  1L<r2 0.37 0.i5 0.57 
M.ir.21 ......... 1.31 1. 14 I 1.01 0.81 
Xnr.21 .......... 1.34 1.29 1.15 0.99 
May21 .......... 1.41 1.3s 1.3; 1.08 
Jmi!. 21 .......... 1.AS 1. 44 1.35 1.15 
Juls21 1.4.1 1.41  1.9 1.10 

$,-pi. '31. ........ 1. 1:s 1.1)s ! II.9li 0. 75 
I ~ ~ ~ I . ~ ~ . _ _ _ _ _ . _ _ _  n.sq nu n.ii n.53 

.... n.68 fJ:GnlO.47 0.30 

.\ll>. 21 ......... 1.::1 1.2i I 1.1; l).!jT 

N<,,.. 21. ........ n.sa n.sn I 0.4s 0 . 3  

.......... 

0.W ..................... 160 
0.04 21 2 
0.311 0.04 .............. 359 
0.5; 0.25 0.01 ....... 527 
0.i5 0.47 0 . 2  ....... 670 
0.84 0.58 0.31 0.08 749 
0.92 0.05 0.35 0.1s mil 
n.se 0.5s 0 . x  0.0s 762 
0.71 0.44 n.2o Mg 
0. :io #I.?' U.01 ....... 493 
n.zn n.m .............. 340 
n.ns ..................... 210 

..................... 

....... 

Dec. 21. ......... 
Jan. 21 .......... 
Feb. 21 .......... 
Mar. 21.. ........ 
Apr. 2l... ....... 
May 21.. ........ 
June 21... ....... 
July 21.. ........ 
Aug. 21.. ....... 
fie t 21 

Nov .Zl ......... oci.21.::::::::: 

cat. 
0.S7 
0.W 
1.15 
1.30 
1.35 
1.37 
1.37 
1.39 
1.31 
1.24 
1.m 
0.W 

cut. 
0.20 
0.24 
0.38 
0.49 
0.63 
0.W 
0. io 
0.6s 
0.5s 
0.49 
0.35 
0.21 

cal .  
0.01 
0.03 
0.12 
0.20 
0.30 
0.3G 
0.39 
0.1 
0.29 
0.1s 
0.10 
0.03 

1.11 l.w 
0.m 
0.74 

n.s.c 
0.n 
0.w 
0.51 

~ 

Dec.21 .......... 0.77 0.71 
Jan.21 .......... 0.86 0.W 
Feb. 21 .......... 1.10 1.07 
Mar. 21 .......... 1.30 1.22 

May21 1.40 1.36 
June21 .......... 1.43 1.35 
July 21 .......... 1.43 1.37 
Aug.21 ......... 1.32 1.26 
Sept. 21 ......... 1.22 1.18 
Oet.Zl... ....... 1.01 1.00 
Nov.21..... .... 0.87 0.82 

Apr.21 .......... 1.39 1.35 .......... 

0.67 0.36 0.13 
0.66 0.43 0.20 
0.90 0.65 0.35 
1.05 0.82 0.51 
1.18 0.9; 0.M ....... 

694 

591: 

1.20 1.00 0.72 0.43 0.18 0.01: GiP 
1.W 1.01 0.75 0.46 0.20 0.02 
1.B 1.01 0.73 0.44 0.19 0.01 I RCi3 
1.12 0.89 0.61 0.33 0.10 ....... 
1.W 0.79 0.49 0.20 0.01 .......I 517 
0.m 0.60 0.32 0.07 ............... 401 
0.66 0.43 0.19 ....... ,.......I ....... 

DW.21 
Jan.Zl...... .... 
Feb. 21 .......... 
Mar.21 .......... 
Apr.21 
May21 
June21 
July 21 
Aug.21 
S e t 2 1  ......... 
Nov.21 ......... 

.......... 

.......... .......... .......... .......... .......... 
O&>l .......... 

212 0.59 0.54 0.43 0.W 0.05 .................... 
B Y  0.71 0.66 0.52 0.33 0.12 ..................... 

1.00 0.95 0.78 0.56 0.31 0.05 .............. 379 
505 
610 1.36 1.32 1.17 0.W 0.68 0.33 0.13 ....... 
709 
744 1.45 1.40 1 . a ~  1.07 0.81 0.31 0.2; 0.w~ 

1.24 1.04 0.79 0.49 0.20 0.02 715 
1.12 0.91 0.ffi 0.35 0.11 610 

491 
0.93 0.83 0.74 0.52 0 . a  0.05 .............. 352 

241 

1.20 1.15 1.00 0.7G 0.4s 0.20 0.01 ....... 
1.43 1.351 1.24 1.02 0.78 0.49 0.24 0.02 

1.43 

1.17 1.11 0.98 0.75 0.47 0.20 0.01 ....... 
0.71 0.67 0.53 0.33 0.12 ..................... 

1.30 ::% I ....... 

- 
2 3 - 

car. 
IJ. 54 
0. 64 
0.41 
0.96 
1. OG 
1.0; 
I .  11 
1.111 
1. fJ0 
0. $1 
0. iS 
n. Q 

4 

r.k 
0. R7 
1.1u; 
1.31 
1. ?I1 
1. 29 
1.31 
1.32 
1. '31 
1.15 

0. 87 
1. n i  

Gal. 
0.2s 
0. :::I 
0. RI 
0. 1::; 
0.71 
0. s1 
0. M 
0. Sl 
0. 71) 
11. .?! 
n. 41; 
n. 33 

rnl. per 
em 1. 

363 
410 
S27 

RSO 
i1X 
73J 
731 
tu7 
5.w 
3rw) 
40s 

Ai9 

Ure. '31 .._.__ 
.lm. 21. ..... 
Fcb. 51.. .... 
M:r .  "1 ...... 
- \ I W .  21.. .... 
:r:9.:.. 21.. .... 
Juiw 21 ...... 
Jiilr 21.. .... 
.*-11c. "1.. ... 
Prpt .2'1. .... 
4 V I .  21 ...... 
X O ? .  9 .  .... 

l ~ : T . 2 i . .  ...... .I 

ml:. 21 . _ _ _ _ .  _ . _ _  
J::o. 21.. ...... . . I  
E'Cll. "1.. ........ 

\nr. 21.. ........ 
h.; 21 ......... 
Jllrii. 21 .......... 
July 21 .......... 
.!Il?. "1 .......... 
S:.pt.21._. ...... 
Ort. 21 
Nov. 21. 

.......... I ....... 

11. ti5 
0. i.; 
1. o? 1 "5 
1: 57 
1.41 
1.41 
1.11 
1.30 
1.17 
0.96 
0.75 

236 
WZ 
423 
5Ro 

738 
786 
740 
646 
528 
400 
284 

h c .  21.. ........ 
JMI. 21. ......... 
F,.b.?i.. ........ 1 n7 
M3r.?L. .  ....... 1.31 TABLE Sa.-Totul radiation on a horizontal sudace with a cloudless sky. 

(Gram calories per minute per square centimeter of SurfwX. 

LATITUDE 30' N. (GULF COAST.) 

Hour angle of sun from the meridian. I 
Daily. I I Total. 

....... 1 .......I ....... 1 

1 
_. 

ml. 
0.81 
0.92 
1.13 
1.24 
1.31 
1.32 
1.33 
1.35 
1.2G 
1.18 
1.04 
0. s9 

2 3  -I- __ 
4 1 5  

I.ITITVDE 48' N. (NORTHERN PI.AINB.) 

LATITUDE 3Go N. (EASTERN U. S.) 
I- 

Hour angle of sun from the meridian. I 

I 

.............. ...... I .  3411 
.......I ....... 397 

516 
686 
7ryl 
858 
843 
900 
717 

....... m 
393 

.............. ....... 

....... 

I I I 

Cal. 
11. ss 
1. L l l l  
1.19 
1. $2 
1.51; 
1. ti5 
1 . 3  
1. 5.5 
1.44 
1. 31; 
1. 1s 
n. [IS 

LATITUDE 4 2 O  N. (NORTHEASTERN U. S.) 

, I I I l l  

I I l I I I 1 I  1 -  

See the MONTHLY WEA- REVIEW far A u p s t  1914,42 47&80. Jan. 1918, (4: 4. 
34 See the  M0mEI.Y WEATEEB REVIEW fOr A@, lb16.44 178. 
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Station. 

TABLE 12.-Relation between percentage of possible sunshhe and radia- 
tion-Pmmtage of clear sly mdiution. 

OCTOBER TO MARCH. 

Percentage of possible sunshine. 
, I  

100I94.51pA.5/74.51B1.5154.5141.5/34.5!24.5114.5; 5.0 I 0 

TAB- 1O.-Daily lotab of solat and sky radktion on a horizmta~ sur$zce. 
[Gramcalories per aquare centimeter.] 

WASHINGTON, D. C. 

Dates. COm- 

puted. /Normal. 

Ratio. 

Dee. 21.. ............... 
Jan. 21 .................. 
Foh. 21. ................ 
Mar. 21.. ............... 
Apr.21 ................. 
May31 ................. 
Juae 21.. ............... 
Ju ly  21 ................. 
luc. 21 ................. 
Sept. 21 ................. 
Oct. 21 .................. 
Nov. 21. ................ 
Means. .................. 

Monthly means. 

Washington .......... 
3fadlSO II 
Lincoln ............... 
Nean ................. 

.............. 

I I Observed. 

loo! 95 1 90 s5 ' 76 68.61 m 59 ' 50 1 41.5 32 a . . 100 97 93 1(9 SO 55 ~ 47 
100 96 ~ 94 s i  1 81 I i: I :i 1 E I 58 I 46 I :: 1 Z 
100, 96 i 92 1 87 I 79 72 67 60 54 45 35 22 

0.573 
0.67s 
0.629 
0.621 
0.628 
0.653 
O.69R 
0.717 
0.719 
0.858 
0.650 
0.581 
0.649 

6.5 
6.6 
6.1 
6.4 
6.5 
6.5 
(1.0 
5.3 
5.4 
5.6 
5.9 
8.4 
6.1 

Washington.. ........ 
Madison .............. 
L h ~ h  ............... 
hlran.. ............... 

I !  I I I !  I ~ I i ! I  

.\PRII, T i l  SEPTEMBER. - . ......... -. .. ............... - .. - . . . .  I . .  

cal. 

464 
I142 
711 
734 
745 
667 
660 
5x 
454 
354 ......... 

ral. 
157 
183 
269 
349 
429 
491 
5% 
491 
431 
370 
281 
198 ......... 

I 
6.5 ~ 

6.2 
5.4 ! 
5.0 
5.4 
5.7 , 

5.7 
4.9 
4.6 
4.5 ~ 

4.6 I 
5.3 

5.3 , 

47.3 
50.8 
58.7 
85.3 
58.9 
60.3 
65.4 
59.9 
67.5 
65.5 
6.2.6 
65.5 
60.8 

MI. 
237 
275 
405 
528 
641 
690 
718 ees 
603 
508 
380 
283 

. -. ....... ...................... 

YEAR. 

.......... I 

MADISON, WIS. 

I 

RELATION B E T W E E N  CLOUDINESS,  DUR.4TION OF SUN- 
SHINE, AND RADIATION INTENSITY.  

From the Cdleiidar records the average daily aniount 
of radiation for each decade, escept t.hnt for June aiid 
December the averages nre for the entire month, has 
been determii-icd for days on which t.l!e cloudiness was 
recorded as 0,1, 2 ,  3, et.c., to 10, respectively, and dso on 
dnys for which the percentage of possilh suiishine as 
re.corded by the Marvin sunshine recorder was 100, 99-90. 
s ~ - S O ,  etc., to 9-1, a i d  0, respectively. Froill t,hevc 
decade and 111011 tbly averages the seasonal and annual 
averages of Tnl>les 1 1  and It', which are expressed as a 
" Percent,age of c1ea.r-sky radiation, '' ham been derived. 
The seasoid differences m e  not iniportnn t. The annual 

i 
Dec.21 ................ -! 227 
Jan.21 .................. I 270 
Feb. 21 ................. 418 
Mar.21 ................. I 573 
A .a1 ................. I 873 

June21 ................. i 766 
July21 ................. ' 710 
Aue. 21 ................. 591 
Sept.21 ................. 1 491 
OCt.21 .................. ' 343 

xy 21 ................... 720 

Nov.21 ................. I 255 

39.2 
45.6 
53.5 
57.1 
54.0 
57.9 
62.9 
69.6 
81.6 
55. s 
48.9 
41.0 
52.0 

130 
183 
263 
333 
423 
470 
535 
508 

322 
223 
143 

435 

Means.. ................ !. ........ -1.. ....... i. ........ 
-- ! 

LINCOLN. KEBR 

............... 173 I O.RW 
0.778 

nec. 21.. 

Mar. 21 ................. 602 412 0.iOS 
A r.21 ................. 

0.7@ 
June21 ................. 780 804 595 0.763 

2 I 232 

' 

Jan. 21 .................. 
Feb.21 ................. 435 I 473 316 0.726 

July 21 ................. 740 7rS 558 0.754 
Au~.21  ................. 647 650 472 0.730 
Sept.21 ................. 535 674 3W 0.742 
Oct.21 .................. 411 0 8  294 0.715 
Nos.21 ................. 298 328 2og P.701 
Meam.. .......................................... 0.719 

I ;;; 0.612 2w 21.. ............... 

47.0 

6G. 0 
60.0 
58.0 
Bo. 0 
Bo. 0 

......... ......... 
Mean ............ 

APRIL TO SEPTENBER. 
...... 

tVaqhington.. ... 100 
hiadison ......... 100 
Lincoln ......... 100 
Menn ............ 100 

FIGURE 9.-Relatlon between radiation intensity and average daily and monthly 
clou$iness~md prrcmtagc of posslblc sunshlnr, expressed as n percentage of the aver- 
age intemity with a cloudless sky. 

averages are shown graphically in figure 9. From this 
latter it is seen that with the daily cloudiness recorded 
10 the radiation averages about 29 er cent of clear-sky 
radiation. This is a little greater t f an for zero percent- 

YE.4R. 
- .- 
25 
33 
28 
29 

washingt on.....! 100 

Lincoln ......... I 100 
I lM) 

Madisou ......... 100 

Moan... ......... 

47 
57 
50 
51 
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age of possible sunshine, namely, 23 per cent, for the 
reason that the sun may sometimes shine with the sky 
more than 95 per cent covered wit.h clouds. Also, 60 
per cent clear-sky radiation intensity corresponds to. an 
average cloudiness of 9, arid to a percentage o! possible 
sunshine of 20; and 50 per cent possible sunshine corre- 
sl)onds to 71 per cent,, and 5 cloudiness t.0 53 per cent, of 
clear-sky radiation intensity. In  general, the percentage 
of possible hours of sunshine is greater than the cloud- 
iness would 1ea.d us to expect, the maximum difference 
occurring when the sky is rat.her more than half covered 
with clouds. This is no doubt partly due (1) to thefact 
that much recorded cloudiness is of thin clouds and (2) 
to the fact t.hat the record of cloudiness is based upon trhe 
proprtion of t.he sky that Q pears to Le covered with 

sheets, esI?ecially , of st,rato-cuniulus, are viewed nearly 
edgewise near t,he horizon, they appccir to cover a 
percent.age of the sky t.han they really do ; and whi e with 
the sun nwr  t.he horizon, when t,he direct radiation is onlv 
about half tlie t,otal, t,he sun may be shaded a considerabre 
portion of t,he time, wit.h the sun near the zenith, when 
direct solar radiation is more than 0.S of t,he total, the 
sun will be but little shaded. 

normal of 

Table 10 as ordinates against the monthly or annual 
cloudiness or t.he precent,age of possible sunshine of the 
sanie t,able as abscissas, it  will be seen t.hat they fall a t  
roints considerably below the corresponding radiation- 
cloudiness and radiation-sunshine curres, as we would 
espect. In fact, the radiation-ratio and sunshine data 
plot very nearly on the straight line connecting 100-per- 
centrsunshine and 0-per-centrsunshine radiation in tensi- 
ties. We may therefore use the broken-lme curb-es 
through the points named to determine the percentage 
relation between cbar-sky and actual radiation a t  11oint.s 
having a greater or less average monthly cloudiness or 
percen t,a e of possible sunshine than Washington, Mad- 

clouds. When detached cuniu 4 us clouds or broken cloud 

yter 

If we plot on figure 9 the radiation ratios computed 

ison, or I!? incoln. 

para r els 30' N., 36' N., 42' N., and 48' N., the daily totals 

creases rapid k y from high to low latitudes, wit,li a masi- 

AVERAQE DAILY TOTALS OF RADIATION. 

. re 10 has been constructed by plotting along the 

of radiation given in table 9, reduced by factors derived 
from curves V-VIII, figure 5, to the intensities a t  the 
1,000, 2,000, 3,000, and 5,000 foot levels, where neces- 
sary. Durin the cold part of the year the radiation in- 

mum increase of over 100 per cent from latitude 4s' X. 
to latitude 30' N. in the Plains States. During the  warn^ 
part of the year the increa.se is from the At!antic coast 
westward to the Rocky Mountain plateau, wlth a niasi- 
muni of '7s per cent- a t  latitude 36' N. in May. 

Figure 11,  has been constructed by multiplying the 
plotted daily totals of figure 10 by the percentage of 
clear-sky radiation, as given by curve IV, figure 9, cor- 
responding to the monthly average percenta es of yossible 

36" N., E., and 4s' N. cross the sea level, and the 1,000, 
2,000, 3,000,'5,000, and 7,000 foot contour lines. The 
nionthli+ average percentages of possible hours of sun- 
shine have been obtained from unpublished charts made 
up by the Climatological Division, Weather Bureau, in 
connection with the preparation of seasonal charts for 
the Atlas of American Agriculture. They are based on 
records by the Marvin sunshine recorder for the pars 
1905 to 1912, inclusive. In  Sgure 11 the radiation in- 

Fi 

hours of sunshine at points where the para 8 els of 30" N., 

crease from high to low latitude in winter, and from low 
to high altitude in sunimer, is even more niarked than in 
figure 10. The increase from the Lakes a t  Lat. 42' K. to 
the Gulf a t  latitude 30' N. is 100 per cent in December and 
January; and in December, froin latitude 48' K. to lati- 
tude 30'Pu'. in the Plains States the increase is nearly 
200 per cent. In  June the increase at latitude 36' N. 
from the Atlantic coast ti, the Rocky Mountain plateau 
s 50 per cent. 

THE EFFECT OF SLOPE UPON THE QUANTITY OF SOLAR 
RADIATION RECEIVED PER UNIT OF SURFACE. 

Let 4- the latitude of the place, and c the angle of 
slope. For a south slope the angle of iiicidence of the 
solar rays with the surface €or different hour an les of 

latitude 4 - c .  The possible hours of sunshine with 
south or rni.nus solar declination will not he changed; 
but for north or ~ Z U S  solar declination they will be the 
same as €or latitude 4- c. For a north slo ,e the an le 

ferent hour angles of the sun will be the same as at  
latitude 4 + c. The possible hours of sunshine with norti& 
or plus solar declination will not be changed; hut for 
south. or minus declination they will he the stime as for 

the sun will he the same as on a horizontal sur P ace at  

of incidence of the solar rays with the sur If' ace for A€- 

latitude 4 + c. 
Thus, on a south slope of i per cent, or do, a t  latitude 

35". the nnde of incidence of tlie solar rays will be the 
same as oica horizontd surface a t  31" If'.; and on a 
south slope of 3 5 O ,  or 70 per cent, a t  latitude 35', the 
angle of incidence of the solar rays will be the same as 
on a horizontal surface a t  the Equator, and from March 
21 to September 31, inclusive, the hours of possible sun- 
shine per da will likewise be the same, namely, 12 hours. 
On a north E l  ope of 45", or 100 per cent, a t  latitude 45' N., 
the angle of incidence of the solar rays will be the same 
as on a horizontd surface a t  tlie north pole. It will re- 
ceive sunshine only between March 21 and September 31, 
and the possible hours of sunshine will be the same as at  
latitude 45'. Such a surface will therefore receive less 
solar radiation than a horizontal surface at the north 
pole. 

l n  the case of a slope facing a' degrees in azimuth the 
angle of incidence of the solar rays will be the same as 
on a horizontal surface a t  a point on a great circle passing 
through the slope nt right angles to it and as many de- 
grees removed as thc angle of the slope. We may locate 
this point in latitude and longitude by the solution of 
the right-angled spherical triangle of which e, the an le 
of slope, is the hypotenuse, cy' is one of the angles, &e 
side b is the difference in longitude hetweeii the point 
and the slope, and side cc is the dif€erence in latitude. 

cos a' The computation equations are tan 6 = ~ cot , and sin a 

=sin (Y' sin c. 
Esamsle: At Wagon Wheel Gap, Colo., a t  ltrtitude 

37' 46' k., longitude 106" 53' W., and elevation about 
10,000 feet, are four slopes, A-2, B-3, A-1, and B-1, 
facing south 56' east, south 45" east, north 34' west, 
and north 24' east, and with angular slopes of 34" 20', 
30", 31' 30', and 37" 30', respectively. The points 
where horizontal surfaces are parallel to those slopes are 
as follows : 
8 - 2 ,  latitude 16" 52' north, longitude 79' west. 
R-2, latitude 15" 34' north, longitude S6" 11' west. 
A-1, latitude 66' 51' north, longitude 119' 6' west. 
B-1, latitude 72' 45' north, longitude 92" 33' west. 
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CURE lO.-Average daily totals of radiation rewived on a horirontul surface with a 
cloudless sky-CunUnWd. (Orurn cslorles -per squarccentlmt~tcr.) 
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F1-x ll.-Average dally totals of rsdlatlon recelved on a horlwtal surlw-Contlnued. (Qram calories p8iaa(e p r  square centimeter.) 
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The solar radiation intensities upon these slopes have 
been computed upon the assumption that at normal 
incidence the intensity is as given m Table 5c for latitude 
3i' 46', increased hp 1 per cent for the increased elel-a- 
tion at Wagon Wheel Gap. The results are given in 
Table 13. 

On slopes A-2 and B-2, where the radiation intensity 
is high throughout the year, the snow that falls is evap- 
orated many days earlier than on slopes A-1 and B-1, 
which receiye 110 direct solar radiation in midwinter, 
and a greatly reduced amount throughout tlie pear. 

Table 13 hdicates a shorter ieriod of suiishne before 
noon than after noon on slope 1-1, and a shorter period 
d t e r  noon than before noon on the other three slopes, 
except on slopes A-1 and B-1 from about the middle of 
May to the end of July. 

line of equivalents. Since a high equkalent generally 
corresponds to a hi h radiation intensity, and vice 
versa, the range in il 7 umination intensities will be con- 
siclerably greater than the range of heat radiation inten- 
sities indicated by Table 6. 

Thc equivalent values of Table 14 have been plotted 
tu ordinat>es against the sun's altitude in degrees as 
abscissas. By means of the smoothed values thus 
obtained from the first line the "Solar radiation inten- 
sity at  normal iiwidence" of Table 5a has been reduced 
to the "Solar illumination intensity a t  normal inci- 
dence" of Table 158 and figure 13. Similarly, b means 

radiation intensities of Tables 5b and 5c have been 
reduced to the illumination intensities of Tables 15b 
and 15c, and figurea 14 and 15. The maximum inten- 

of the smoothed values of the second line, t fl e solar 

TABLE 13.--6ohr radiation inlciisity upon slopes at Wagon Wheel Gap, Colo. (dpparent tinu..) 

-7 A.M. ! P. M. I 

Gr.-cal. per min. per square centimeter. 

-1-2.. --I .... 

B-3.. .... 
A-1 ...... 

B-l  ...... 
I I  I 

LUMINOUS RADIATION. 

............... I. 
Mar. 21.. ....................... 
J i m e 2 1 _ _ . _ _ _ _ _ . _ _ _ _ . _ _ _  0.13 k!; 1 
Dec.21. ........................ .. ....... 
Yar.21. ........................ 0.65 
Junc 21.. .............. 0.N 0.71 
Jan. 21 ........................................ 
E'ob.21___. .................................... 
hlar.21. ................................ 0. a% 
Junc 21 ................ 0.03 0.25 0.45 
Feb.31. ....................................... 
Afar.21 ......................... 0.01 0 . l i  
Jiuic 21 ................ 0.15 0.43 0.61 

.............. ...... 0.53 0.92 1.0s 
1.11 1.34 1.45 
1.12 1 . 3  1.40 
0.49 0.s9 1.06 
1.02 1.39 1.44 
1.03 1.251 1.38 ................ 1 ....... ........ 0.01; 0.15 
0.17 0.3? I 0.45 

0.29 0.44 

From the simultaneous measurements of heat and 
luniinous solar radiation intensities macle a t  Mount 
Weather, Va., in 1913-14 25 there have been derived 
the equivalent values given in Table 14. Measure- 

TABLE 14.-llluntii,iation eyuizdent of one gmni-ealory pcr nii?iiite 
p c ~  square cmtimeter of solar heat energy, with the sun at di,fcrent 
altitudes. 

Air mass... ........... I iT1.51 2.01 2.51 3.01 3 . 5  I 4.0 1 4.51 5.01 5.5 

- _. 

Solaraltitude ......... 

Footeanrlllss. 

Allobservotions ...... 

daysonly ........... 6,7B 6,000 5,580 5,310 5,120 4,iSOI 4,GO 4,610 4,6001 4,UO . I  i I I I I I I I Observations on good 

in May, 

26 values obtained 
for the illumination equivalent have varied between 
4,6SO and G,370, or 14 per cent below and 17 per cent 
above the mean value. Twenty of these values lie 
between 5,090 and 5,980, or 9 per cent below and 7 
per cent above the mean value given in the second 

%The heat measurcnents will be found summarized fn tho Bulletin of the Mount 
Weatliw Observatory vol. 6 pp. 218-219 and io the REVIEW for 1914, vol. 42. pp. 
139. 310, and 620: the ;Ilumin;tlon measdements will be found in the same volume 01 
the REVIEW, p. 652. 
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sity of 0,700 foot-candles measured at  Mount Weather 
j us t  before noon on June 30, 1914, is in accord with 
measurements niade in Switzer and by Dorno if we 
make allowance for the difference in elevation of the 
two points of observation. 

l- 

F i G i r i z  I?.-R::io olJi-rei so!ar t o  t.o+nl r.Xii: irx?(per cent), I': ::c:P*-<d on 3 horizon- 

28 Dorno. C. Physlk der Sonncn-und Hlmmelsstrahlung. IJio Wisseilschaft, Braun 
schweig. Bd. 63, S. 46. 
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(c), JatitudrWN. (Northeastern Stntcc). 
FI~TJRE 13.-Solar illumins'iw intcnsity at normal inciduirt . [~od-c:iiiaiI~ . I  

From the mean of all the mewirements of the illumi- 
nation of a horizontal surface, (a) by tho sun niidsky 
and (b) by the sui1 alone, niade at Mount Reather,Vn., in 
1913-14, theratios, espressed ns percentages, of curve 111, 

12, haveheen obtained. Omitting the mrusiircments 
o tained under unfavorable <*oiditions in May niicl Augiiat, 
1914, already referred to, the ratios of curve 11, figure 12, 
have been obtained. There is also shown in figure 12 

fl The meawrrments (a) are summzrirr~l in the REVIEW lor l i w m l w r ,  1114. 1S:Gil' 
Table 2. The nieasurerncnts (b)  are obtainpd hv suhtractirw the sky illuniinstion 
msuremeiitssummtarized in Table 3. REVIEW r h e n c n j u s t  citrd. Iron1 thP rurasure- 
ments (a). Iu obtaining the ratios (b)/(a), here given, the original readings haw i m n  
Used. 

(a), Latltude 4VN. (Northern Plahs). 
FIGUBE Il.-Solar illumination intensity at normal incidence. (Footcandles). 
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TABLE 15a.-Solar illumination intensity at normal incidence-contd. 
LATITUDE 36" N. EASTERN UNITED STATES. 

Fool- 
candlrs. 

5 6.~0 
6'liO 
7 '10 
7:.r'60 
7,470 

7 4.iO 

7 '0h  
7:120 
6 660 
6:170 

7,410 

7 ' 4 ~  

2 3  -- 
FoOG 

candles 
4,430 
4 920 
6'060 

$5)0  n,570 

6 510 

6.340 
6.320 
5,620 
4,910 

6 ,nn  

8 :m 

_. 

,. 

5 1 6  1 ' 7  

Fool- 1 Fool- Fwt- 
candles. wndlf.. nndles. 

' 100 ................ 
4 010 2,120 ........ 

3 7a0 i,m ........ 
2,010 ................ 

- 

........................ ........................ 
i:200 4% ........ 
4'890 2,$fl0 ?30 

a10 $30 4:450 4'510 2 2:iSO r w  
3:070 Ci0 ........ 

........................ 

- 
. 
-- 

FOOl- 
cand1a 

2,650 
3,1?0 
4, 390 

' 8,130 
'r 700 
k:760 
5,SlO 

Foot- 
wiidlzs. 
R.BG~ 
!,Olio 
1 . W  

S <:I00 170 

7.960 

I 670 
7:6SO 
7 4'0 
7:&0 

7.950 

Z,gYI' 

~ 

Foot. 
c a n d h  

6 300 
6:750 
7,7.iO 

7,960 7.9S0 
7 7s0 
7:8.20 
7,&50 
7 4SO 
7:5;0 
7 220 
6:SOO 

De:. 21 ............ 
Jan. 21 ............ 
Frh. 21 ............ 
XIW. ? I .  ........... 
Am. 21 ............ 
?&r 21. .  .......... 
Jmiv ?I ............ 
July 21.. .......... 
.\lW. 21 ............ 
sq1:. ?I ............ 
r-Wt. 21 ............. 
No\-. 31.. .......... 

_-- 
7 WKl 
7:510 
S i4O 

5::p50 8,.EQ 
9.OjO 
9 0 3  
9: 1% 
s T30 
s:;:Uo 
2.300 
,,9m -- 

3.53  530 
.I vi30 i,mo 
S'j40 4 (io0 
7:490 8:250 

7,930 7.S.30 6 ?,'a30 SI0 
8.2% r,350 
S M O  7150 
7:5W 6'570 
6900 5:W 
8'0.30 4 110 
4:m 1;sw 

....... 

....... 
1 250 
4'1% 

5:SZO 5'430 
C , 2 i O  
5900 
5: 140 
3.560 

SIX ........ 

............. 

....... 
530 

3 Roo 

1'740 

490 

4'160 

4'3% 
3: 520 

- ............... ......_. ...... ........ 
2,170 
3.070 
2,260 ........ ........ ............... ............... 

~~~ ~~ 

Sun's hour angle from the meridian. 
Date. I 

! O b  

Drr. 
Jan. 
Frh. 
k r .  
Apr. 
May 
Junc 
July 

bept. 
Oct. 
Nov. 

+I%. 

I 
........... I C  a1 ............ 

21. 

21 ............ 
21 ............ 
21 ............ 
31 ............ 
21 ............ 
31 ............ 
21 ............ 
21 ............ 
?1.._. ........ 
21 ............ 

(a). Latitude 3 6 T .  (Genlrel Plntcnul. LITITUDE N. NORTIIEASTERN UNITED STATES. 

Dee. 21 ............ 
Jan. ?1__._.___.__. 
Feb. '21 ............ 
Alar. 21 ............ 
hpr. 21 ............ 
May 21 ............ 
June 21 ............ 
July 31 ............ 

21 ............ 
21.. ......... 
"1 ............ 
"1 ............ 

........ 

5 Os0 3 560 1,500 
4 4:9:10 100 3:4?0 2,uNI 810 
3:2li0 .130 ........ ........ 
1,440 ................ ........I ........ I ........ 

TABLE 15b.--Solur illuininat~im i7bte?wity at iionnnl iiicidt!nce. 
LATITUDE 30' N. SOUTEERN PLAINS. 

~ . _ _ _  - 
Sun's IIotu -4ngle from the Meridian. 

0 1 

Fm1- Fuol- Fool- Foot- I Foot- Font- Foot- Foot- 
c a i i d l ~ ~ $ .  candlrs. candlcs. candles. cwldlc8. candlr.7. candlfs. randln. 

i,S:.N 7 700 7 150 6 010 4 190 570 ................ 
S,3% S:W 7'4W 8'470 4 ' W  1 140 ................ 
5,900 S,710 5:lIO 732% 5:c;vl 2'970 ................ 
9,liO S,fi$O S 3MI 7 590 6 2M 3:YiO 4W ........ 
9,230 Y 0 W  8:,530 7:GP 6:UO 4,4M 2 W  ........ 
9.040 S'SIO 8,340 7,540 C,WI 4,630 2:5W ........ 
9,290 9:OiO 8 5 W  7770 bES0 S,lW 3240 ........ 
5.150 8WO S:4& 7 ' M  8'720 4,930 2'7SO ........ 
S:i90 s, l ; lO $010 7 110 5'730 3,160 4W ........ 
~ . b l O  b 340 7:910 6'SW 5:310 2 , W  ................ 
S.!EO ~:01io 7 , 4 ~  1 6:Jio .1,fi10 1.1.10 ................ 

S ~ 1 0  8:GM 120 7:2iO 8'090 4,3% 2:lJO ........ 

I1ate. I 
I 

............ 
............. 1 ne,.. 31 

Jnn. 21 
iW>. 21.. 
Mar. 21 ............ 
Anr. 21 ............ 

.......... 

Mi, i1.. . .........I 

scat. 21 ............ I 
June 21.. .......... 
Julv 21.. ..........I 
All?i. 21 ............ for the purpose of comparison, curve I, derived from 

the ratios between direct solar and the total heat ratlin- 
tioii recei-i-ecl oii a horizontal surface ab Wndiingtoii, 
RS given in Talde S. ,4s we would ew>ec.t. the ratio 

act. 21.. ........... 
No\-. 21.. ......... .) 

LlTITUDE 30" N. CENTRAL PLAINS. 
__ 

7 340 
7' is0 
s: 5 .  
s, SW 

S' s50 
s' 920 
s' 920 
s' 4co 
8' 5% 
s: 150 

9 1.w 

7,710 

dire& solar radiation 
total rnilintioii 

* I  

is larger than t,he mt.io 3,m I ........ 1 ................ 
................ ........ 

........ ................ 
- 1  - 

[DE Jan N. CENTRAL PLAINS. 

5 510 

7 1.10 
7' 570 

7.5w 
:.io0 I 
I N O  
7:3?0 
7,110 
6, IS0 
qo .3  1 

6: oca 

7: s50 direct s o h  illuniiiintioii 
total illuniiiiation , and the percentage difference 

increkes with the zenit,li clist,ance of t.he sun. Or? with 
increase in the sun's zeiiit,h tlist,nnce, t,he perceiit,agF of 
the to t,a.l illuminntioii on a liorizont,nl surface receircd 
froiii the sky is increasingly grea t.cr than t.he percent.nge 
of total heat radiation receired from the snnie source. 

TABLE 15a.-80hr illumination intensity ut norind incidmw. 

LATITUDE 30" N. GULF COAST. 

7' 130 
7: 150 

1)cc. 21 ............ 
J i~n .  21 ............. 
Feh. 31 ............ 
hhr .  21 ............ 
Ayr.21 ............ 
313v 21.. .......... 
Jiirk 21. ........... 
Julv 21.. .......... 
Auk. 21 ............ 
Se.pt.. 31 ............ 
CIVt .  21 ............. 
No\-. 21 ............ 

Sun's hour anglr from the meridian. 

1 1 2  
5 1 5 1 7  

RTHERN PLAINS. LATITUDE 4s' N. N' F o n t -  
mndlrd 

Der. 21 ............ 6 i60 
Jsn .  21 ............ $120 
Fcb. 21 ............ 1,780 
Mar. 21 ............ 7,Y7lI 
Apr. 21 ............ 7 Giu 
May 21 ............ 7'600 
June 21 ............ 7'590 
July 21 ............ 7:75U 
Aug. 21 ............ 7,4911 

Nov. 21 ............ 7:oBll 

svpt. 21 ............ 7 450 
Oct. 21 ............ 7'231 

Font- Fw?- 
ca::dlrs. eandlrn 

6,310 5,3U0 
6 ;;%I 5,400 
6'490 6,420 

6'020 4'640 
5'5% 3'960 
5:070 3:A00 

6'100 4 900 

Font- F,Jo!- Fonl- 
rni:d6,s. eaxdlrh. enndlcs. 

460 ................ 
920 ................ 

2. 450 ................ 
2,S2Il 420 ........ 
:1 4911 1 600 ........ 
:3:770 1 : ~  ........ 
3 930 '2 130 ........ 
3:930 ?:la0 ........ 
3,300 1,470 ........ 
2,650 420 ........ 
2,100 ................ 

&so ................ 

rwo. 21 ............ 
Jan. 21 ............. 
k'rb. 21.. .......... 
hhr. 21. ........... 
Apr.21 ............ 
May 21 ............ 
June 21 ............ 
Jiilr 21 ............ 
All$. 21 ............ 
Gcpt. 21 ............ 
Oet. 21 ............. 
Nov. 21 ............ 
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Dec.21 ............ 
len.21 
Feb. 21 ............ 
~ m . 2 1  

?,aval ............ 
June21 ............ 
Julv 21 ............ 
AG.21 ............ 
Sept. 21 ............ 
Oct.21 ............. 
Nw.21.  ........... 

............. 
............ 

A~f .21  ............ 

TABLE 16b.-Total illumination on a horizontal surfaocJm sun and aty. 

Foot- .Font- 1 Fnot- 1 Foot- Foot- Font- I Font- I Fno'- 
candles. caadlrs. eundles.i cuadlt% ffladlrs. madlc.s. caxdlcs.i ral:dkJ. 

8,340 8.170 7,N:O I 6,400 4 020 _._._.__I 
8720 sm so30 6,960 4:sm 
9 QRO 9 7ro 9 230 8'440 7 ' 2 k  I do50 rxto I 
lO'i00 9'9W 9'310 8'520 7:'120 5:sciO 3 990 ......... 
ld.390 10:220 9'720 I 8:8M I 7 7C0 b 450 q'im i 550 
9 ; W  9 670 d220 I S,5N 7:550 G:2S0 d3;O I *3 
9 740 9:~330 9,150 S 320 7,310 G,lOO 3 SW . 530 

9'470 9'290 S,WO 7 Wl G'W 4,720 570 ~ ........ 
d0W 8'8iO 8 270 7:340 . 5:790 2,5!0 ................. 

........ ........ ......................... 
9;170 9:ooO 83510 I 7 Pa0 6 OW 2 930 ........ i ........ ........ 

9'5W 9 3aO S,iSO 1 8:OaO 1 6 910 5,410 3:870 ' ........ 
8:720I S:490( S:o301 6,YI;O( 4 , b S  ......................... 

TAB- 15c.-sob illuminath i n h d y  at n m a l  in&knee. 

LATITUDE 36" N. CEXTRAL PLATEAU. 

I 
__-___--- 

Sun's Hour Angle horn the Mrridinn. 

June21 ............ 
July Zl.. .......... 
A u ~ ~ 2 1 _ _ _ . _ _ _ . _ _ _ .  

Y'W 9'1i.O 9:W 8:.190\ i C 2 0  6'400 4.~20 ?,. i :0 
9:&0 9:SlO 9,313 S.550 ,:io0 6'.5liO 4.750 1 1,I:OO 
9,570 9 3Y0 4 950 I 8,350 7 210 5 S S  3,350 ........ 

Se 21 ............ 9,420 
ocf. 21 ............. H,rn 
NOV. 21 ............I S,lU 

9:130 8:lilO , ;,;: 1 Ii'lXIo 4:SW 570 1. ....... 
;,1iw 7 w)c) 5:iw i.tiio ................ ................ I...... 1,970 7:410 d,11;0 3,lj iO .. 

LATIl  
-7 

'CJ3E 42' N. CENTRAL PLAINS. 

vao j ....... .I. ...... .I.. ...... , F0 1 ........I ........ ).---.--. 

a;nrw! I 2& j 

540 
i34m 1 5 0  
4,490 I "57n 1 
5,wn i:an 
5 310 1 a,m i 
5'nw 3 140 ! 
4:ILl 

1 ?r3n 1 WJ ........ 
! ........ 

,I! j ........ 
1:m.HI 1 ................ I:""-" 

I ....... -- 

Drc. 21.. ......... .I 
Jan. 21 ............. 
Frli. 31 ............ 
m y .  21. ........... 
A ;:r. 21.. .......... 
Mity 21..  .......... 
.l1:nv 21. ........... 
Jn!y 21.. .......... 
.An:. "1 ............ 
::c;.t. 41 ............ 
I'P1.21.. .......... 
so\-. 21 ............ 

........I ........ 
1;O i ........ 

1 (Y l i l  1 ........ 
1 750 IiMI 
1:m j 3iM 

1:4it1 ! 3'30 

LI'I'1TUL)E 4So Tu'. NORTXERN PLAINS. 

! TlPi.. 21 ............ 
Fr!:. :!I.. .......... 
3lnr. 21.. .... d . .  ... 
Apr. 21 ............ 
JvE-, 3. .......... .I 

---_ 

Jan. ?I. . .  ......... .i 

M a y  " I . .  ......... - 1  

.hi. 21. ........... I 
Fl.::,. 21.. .......... 
lh . t .  21. .......... .I 
Xnv. x.. ........ .I 

JI!!~.  21.. ......... .! 

_-L.__.. - -- 

........ ........ I........ 
....... ....... ........ 

...... ...... 
2% ............... ................ i: ....... 
_I.- 

Font- I Font- 

......,. \ ::::: ... 
47; I ........ 
,,,llj , ........ 

GI; I ........ ........I.. ...... 

. c1indlts.l ~ L I I I I ~ ? : ~ .  
........I........ I ........... 

........ 
$no 4.1 
74% ........ 
445 ........ 

................ 

I 
............ .......... I' D r .  21 

Jan. 21.. 
Feb. 21. ........... 
Mar. 21 ............ 
Apr. 21.. .......... 1 
May 21. ........... 
June 21.. .......... 
Julv 21.. .......... 
Auk. 21 ............ 
Sept. 21 ............ 
Oct. 21.. .......... 
N w .  21 ............ 

I 

........ M . 2 1  ............ 
jan. 21 ............. ..... ...... 
Feb.21. ........... 
Yar.21 ............ 
Apr.21 ............ 
May21 ............. 
June21 ............ 
~ w . 2 1  ............ 
Sept. 21 ........... 
Oct. 21.. .......... 
Nov. 21 

........ 

July 21 ............ 

............ ....... 
I I  I I I 

LATITUDE 42' NORTHEASTERN UNITED STATES. 

I ....... !... ............. 
42 j ................ 

GO ........ 
2,RIU 1.3AI 215 
3,140 1 , Q h l  438 
2 9s0 1,4511 218 

1,220 70 ........ 
3%) (........ ........ 

....................... 

$l,W 810 ........ 

$Q50 m7 ........ 

.......I........ ........ 
- .- 

-- 
...................... ............... I. ....... 

532 ................ 
9 SUI 1 1iln ........ 1,sw 60 ........ 
i:770 $clw 445 
3  SI^ n,nin 733 
3'713 1 oin 431 
z:ssn i:&i ........ 
i,%n 70 ........ 

435 ................ .......I ........ I ........ -_--- 

Dee. 21.. .......... 
Jan. 2 L . .  ......... 
Feb. 21 ............ 
Mar. 21 ............ 
Apr. 21.. .......... 
May 21.. .......... 
June 21.. .......... 
July 21.. .......... 
Aug. 31 ............ 
Sept. 21 ............ 
Oct. 21.. .......... 
Nov. 21. ........... 
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We may obtain the vertical component of direct solar 
illumination a t  any hour of the day by multiplying the 
solar illumination intensity a t  normal incidence I,y the 
sine of the solar altitude. The rertical com~onents of 
the intensities of Table 1Ga thus obtained ha\-e heen 
divided by the ratios of curve 111, figure 13, for vorre- 
sponding solar altitude, to ob tvin the “To till illuininatiuii 
on a horizontal surface” of Table 16a, and lipre 16. 

(a), Latitude 36”N. (EnstcmlRtnterl. 

1.c-I, I.o.i;!iql,: Y X .  I Norl.h?a-t:.rn -:?.-,I .?I. 

FIIURI? M.--Totn: i l l i ~ ? ~ ~ i ~ ~ ~ . ! ~ . ~ n  on n horisnn! -!I su twc. I !~’ont-cL.n~li?~.) 

Similarly, the vertical coni!,onentrs of the illurninntion 
intensities of Table 15b and 15c have hecn divicled by 
the ratios obtninecl from curve 11, to obtain the “Total 

(a), Latitude &ON. (Northern Phiins). 
FIGURE 17.-Tohl illumination on a horizontal surface. (Footcankles.) 
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illumination on a horizontal surface" of Tables 16h and 
16c, and figures 17 and ].E. The solar altitudes have been 
obtained from Table 1. In figures 16, 17, and 1s the 
curve of illumination intensity 3.3 foot-candles represents 
the time of sunrise or sunset, and the curve of 0.4 foot- 
candles the tinie of the h.eginninp or ending of civil twi- 
light, respectidy, these intensities correspodilig to the 
results given in the Review for November, 1916, p g c  
620, Table 5. 

"he intensity of solar illumination upon surfaces facing 
NE., SE., SW., and NW., respectidy, has also heen 
computed, and the results are shown graphicdy in -~ 
figures 31 and 35. 

Tn?)le 1'7 shows the i,ossihle linnrs of direct solar 
illuniinat.ioii? at. t.he tin16 of t,he sulstii:es and the equi- 
noxes, on vertical subiwes differently oriented. Ihiriiig 
the 1nt.e si-ariiig aiid t.lie siimmer nioii t,lis n vertical surfnce 
fztciiig southeast or southwest will rweim the greatest 
nuniher of 2ioui.s of sunshine; during t.he remainder of tlie 
year, n surfncc fwing sout,h. Figures 10 to 22 show that 
a t  t,he t,ime of t,he winter solstice the illuniinat.ioii is most 
intense on n south esposure; during most of the winter 
and fall m o n t h  i t  is most intense 011 n southeast or 
sou thwst  csposure; and during tlie b e  spring and the 
suiuiiicr nioiit,Iis, on an east, or tt west, cq~osure. 

A south exposure has a decided ad\-ant,nge over an east 
or n \vest eqmure. in t,liat it  will be both the lighter and 
t,lic, x:;armer in wint.er nncl t,he cooler in smiimer. A 
dckchetl house with it,$ four sides f:wing KE., SE., SW., 
and XW. w-ill 1itn.e n muc.li more equnlilc c1istril.m tion of 
light and hent upon nll sides thnii one whose sides fnce 
the cardinal I)oint,s of the compass. In tlie lat,itudes 
inclutlrd in die LTiiitcd States encd side may receive 
direct sdttr illuminatioii for at least :t short time on every 
c1ii-j: in the year, ~ i i d  the mttsimum illumination, and also 
tlie ni;isiinim heit tiiig effect, will coiiie during the seasons 
when most needed. 

TABLE l7.-Possibk hours of direct solar illumination for vertical surfaces 
di#t.rcntly oriftbtcd. 

DECEMBER 51. 

(b ) ,  Latitude l'loX. (Ccntnll Plateaul. 
FIGURE 18.-Total illumlnnlion on a h:iri.hntill sorhcc. (Foot-c:mW.) 

In a similar manner, representing the illumina t.ion 
intensity a t  nornial incidence by I,, we may obtain its 
inteIisity upon a11 east (E .  m.) or west (p. m.) rer,rticml 
surface, I,, or upon a north or south vertical surface, I., 
from the equations 

I,= I,, cos a sin CY 

and T,= T, cos u, cos CY 

where n = solar Inti tude, and a = solar azimuth espressed 
in degrees from the nieridiiln of the place. The d u e s  
of I, and T, hme  been com uted for each hour of the day 

42' N., and 4So N., for tbe southern, central, and northern 
plains, using for I, the intensities of Table 151) a i d  for a 
and a the values given in Tables 1 and 3, respectiueJy. 
The results are shown graphically in figures 19 and 20. 
Since I, and I, are directly proportional to I ,  their values 
for the Gulf or Atlantic Coast States, or for the Central 
Plateau, may easily be obtained, if desired, from the 
values of I,, at corresponding latitudes in Tables 15n 
and 15c. 

on the 5lst of each mont E a t  latitudes 30" K., 36" X:, 

MARCH 21 OR SEPTENBER 91. 

i . : i t . w ~  _____.______________. 
l.nt.31i'N ___.._._._____._...__ 
!.:it. N .__.._._._______..._. 
Tat. 4s' N ........_...._...-... 

I I I I I 

JUNE 21. 

1 . s t . 3 0 0 ~  ._._...__.__.___..__. s 40 7 02 7 30 I 6 34 
I.at.3ti0hT ._.._.______..__..__. 7 25 7 OR 7 1s Y 10 6 26 
I.:lt..r?"N _____.__.____.__.___ .! 7 O S 1  ; ; Z I  6 54 

6 29 i . x t . W N  .__._._..___..__..___ 7 oli S 56 

Also, the advantage of streets running from SIC. to NW. 
and SW. to NE. instead of from E. to W. and N. to S. 
should not be orerlooked. Both the former may receive 
suiirhine on every day of the year. Of tlie latter, those 
running enst and west, if lined by high buildings, will 
receive no direct sunshine at the street. level from Scp- 
teniber 31 to March 31; m d  thosc ruimingnorth and solitli 
will receive thc clircct solar rays at a tinie of day d w n  
the sun's azimuth, as shown hy Tnblv 2, is changing at 
its niasimuni rate.2s 

To the illumiiiation of n vertical surfnce by the direct 
solar rays should ha added tlie diffuse illumination from 
the sky, nntl the reflection of light froni the ground and 
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(b), Latitude 36"N. (Central Plains). 

79 1 

(h) .  Latitude 36"N. (Central Plains). 

~ 

le), Lstitudo 4 2 O  N. (Central Plains). 
(e), Latitude aoN. (Central Plains). 

( d ) .  T,rrtitude 4s-N. (Northern PlsinS). 
FIGURE %.-Solar illumimtion on a vortleal aurfsce fwhg north or south. (Fwt- 

candles.) 
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laj.  L2titude 30"N. fRoulhcrn Pkin?) .  

(5.1, T.iititu& 36'N. (Central Plains). (hi, Idatituric 3G"N. (Cmtral PlJins). 

(e), Latitude 42W. (Central Plains). 

( d ) ,  Lstitudc 48'N. (Northern Plains). 

FIGURE 21.-Solar illuninstion on 8 x-ertip31 surfnee [wing SE. (a. m.) or SW. (p. ni.1. 
(Foot+mdlcs.) 

FIGURE ??.-Solar illumination on a vertical surfwe: aboverrrolinr. faring 8W. (a. In.), 
or SE. (p. m.); below eerolin?, faring NE. (.a.m.), or NW. (1). m.). 
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with m ovexcast sky a t  any hour of the da at different 

on December 31, a t  noon, we may expect an illumination 
intensity on a horizontal surface of about SO0 foot-candles 
although it may not esceed 160 foot-candles. On the 
Atlantic coast a t  latutide 36" N., at  9 n. m. on June 21, we 
may ex ect a.n illumination intensity of 1,260 foot-candles, 

latitudes. Thus, at  latitude 45" N., in the $ lains States, 

althoug R it may not esceed 300 foot-candles. 

other objects. "he latter varies greatly with the char- 
acter of the reflecting surfaces. Dornoae states that 
at Davos, in Switzerland, the snow cover of winter in- 
creases the averaoe illumination of vertical surfa,ces 
facing bot-h towar3 and from the sun (Vorclerlich) SO 
that it e uals the illumination of a horizontal surface 
(Oberlich?). With the disappearance of the snow the 
Vorderlicht diminishes about 25 er cent, and principally 

altitude of 40", and tlie ground covered with snom~, lie 
found the illumination of a vertical surface facing nort,li 
to be one-fourth the illumination of a vertical surface 
facing south, while without the snow cover t.he proportion 
was only one-thirteenth. 

F'rom the studies of WienerJ0 and the measurements 
of AbbotJ1 md DornoJa, we know that the unclouded 
sky has its msximum brightness near the sun. 1Vit.b the 
sun near the horizon the oint of minimum bright,ness, 

as K right as the sky 10') from the sun which, in turn, is 
only one-tenth as bright as the sky 2" from t,he sun. 
With increasing solar altitude the solar dist,mce of this 
point of minimum diminishes,. as also does the rat.io of the 

on surfaces facing northward; f or with tshe sun at m 

ap roximately 90" above t E e sun, is only about one-tenth 

sky brightness increases with ap roach to t. 9 le horizon. 
Therefore, we must espect the i Y lumination of vertical 

m&uimum to the minimum intensity. In  eneral, t,lle ::inxmi: 23, -Iiluvli C i v w  I averas- for Plnins 
$l:'pr.. Cii*.:a. T I  rre 111 Yinimiim for Plains 
statCS. Curve IV 

surfaces by diffuse light from the sky rtnd reflecked light 
from the earth md other objects t.o esceed one-half t.lw r.11~1 csl)eci:llly myit11 low sun, the 

AS already &ownJ', with a. c.om 

illumination of a horizontal surface by skylight, ani] 
under favorable condit.ions to equal or even esceed it. 

I L L U M I N A T I O N  I N T E N S I T Y  W I T H  -4s OVERCAST S K Y .  

From the Callendar pyrhelionieter records of hourly 
amouiits of radiation received oii n horizoiitnl surface at  
Washi~igton, Madison, aiid Lincoln, on days when no SUE- 
shine was recorded by the bfarvin suiishine recorder, the 
nverage radiation intensity per minute during each hour 
has been determined, tabulii.ted b months with respect 

sity for the hour, and the monthly averages for each solnr 
altitude reduced to illumination intensity by multiplying 
6,250 33. Plotting these monthly nienns of illumii.mthn 
intensity against the correspoiidiiig solar altitudes, tlie 

23, is obt,uined for the Pln.iiis 
States from the Ma sCjure ison and Liiicolii records, which me 
smooth curve I, 

closely in accord, and curve 11, for the At1;ilitic Const 
States from the Washington records. From the nimthly 
minimum intensities for the daerent solar nltitudes, 
Curve 111 is obtained for the Plains States, aiid Curve I V  
for the Atlclntic Coast States. With these curves, :!id the 
solar altitudes of Table 1, we mn.y determine the aver- 
age and the mhimum illumiiiatioii thnt may be expected 

mny e unl or eye11 exceed hslf the intensity with a clear 
sky. .II herefore the curves of mean d u e s  are of little 
p c t i c o l  use. The curves of minimum values, however, 
show the illumint.ion that mav be emectecl when dense 

to the sun's altitude at  the time o 9 mean radiatioa inten- 

;*;in or snow clouds prevail. If, howeGer, to the screening 
effect, of clouds we add that of deiise city smoke, the day- 
li lit illumination niay be still further reduced, as has been 
s B own by tho author and 0thei.s in previous pt~pers.9~ 
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